; e3er-tP, 6-Tr-Tz COVPCOSI TI ONS FOR PREPARI NG LOW DI ELECTRI C MATERI ALS
CROSS- REFERENCE TO RELATED APPLI CATI ONS [0001 ] This application clains the
benefit of U S. Provisional Patent Application No. 60/384, 321, filed 30 My
2002. BACKW“MHM | NVENTI ON 5 [ 0002] The present invention rel ates
general ly t suitable for use, for exanple, in electronic
devices. More sgp#bfically, the invention relates to a conposition for
making a | ow dielectric performance material or filmconpri si ng sane havi ng
an inproved elastic nodulus and a | ow dielectric constant. 38%4{ re IS

a continui the m croel ectronics industry to incre

circuit degam wa ilevel integrated circuit devices such as mem)ry and
I ogi ¢ chips™in order to inprove RS 8RS HE IN@F Rﬂ@d and reduce power
consunpti on. In order to continue to redu e Sl ze of devices on

i ntegrated circuitgg Mﬁoél?fbr@ﬁﬂﬁ%ﬂ%ﬁﬁérmwBlﬂ%ﬁﬁé%?‘%ﬁ aving a tow
dielectric constant to reduce the resistance-capacltance (' & ti me del ay
of the interconnect netallization and to prevent capacitive cross talk 15
between the different | eResS-REFERERCE TOREIATEDRRPLICATIONS! ectric
materials are desirable for prenetal dielectric layers and interl evel
di el ectric |@petls. THiO&Spitatioy plaies the behafit of U.S. Pmvisionall Eatémmpﬂlm'timstow th 180
nmline w dt elial ' a dielectric constant,’ between about 3.8
ARl P

and 4.2. As €ases, the dielectric constant shoul d al so

be decreased. For exanple, @mwﬁﬁd@ﬁ*@%\}gwﬁ RO width require

materials with a dielectric constant between about 5 and 3.0. Extrenely

l'ow di el egt r oo aonﬁtead?éseﬁt\tﬁbéﬁnbn P@i&t Dgeatesaugﬁﬂeﬁﬁtdnm hﬂxﬁe%r%slfsptrl c
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vari ety of | yils i haitda maéétﬁ@céh!tahhﬁfi@dtkémegigﬁﬁcélé’éb‘éc#ﬁﬁ@

generally classified in cat ;gorl es such gure inorganic materials,

ceram ¢ mat driRG) §iye gelay ebthg %’8“?9&?@?‘?‘3"'@"0 BP‘H%PTGYGQEWR?C'H’ER epsatak or

i nor ganiyg- Ortﬁmﬂééh they Bl!fét‘éﬁt |e¢d|é<@rwm@mzaﬁon/ 3$tbdhtl6w @ieleBfrio FRAGRT did \Yesikdpn used
for curing these maﬁ renove vol atil e conponents

and subst ant’PEAePeR @%@W‘ﬁl@y?'ﬁé‘"&ﬂ%"ét‘?ﬁ?%@ lavers:i ng, 10 treating the
t | . . di gt 0006 th
R SV SRS M AL NG e 1

di el ectric codigleétnhié caristant bativedn adoutBig ahe 4120 Asihe mwathmemasésythePor osity

s e et Soob Bl o s 26 ebait ok Blainl WBUELs Pl hadl,

di el ect i20c widith rexuire nuaterjats with & dielectdeconstait betweérﬁaﬁuut/\aﬂeand 3toh eExtriear®lyi C

dul f £l | ]
Consequent | 1w piplepl SR CEL AR T Yah hdvBl B edtBleif pakeen
conposi t i onsbdute.@ and 216. Devicks-withf90 nmn ineswidihtrequiregnateiaswitivdielectecast i ¢

dul ' t i t
ol e ol OBtk esbish 264 Ao} BBlo0b uahaibndPl Ehhaboyteagha o, canno
i .e., nodul @mlmdw@gtﬁﬂ& inteycapneqt ieada@pnthe grajedted wetnmncqmtanst rength is
needed bgr %tﬁ:ﬁ@ﬁk@ﬁ@tfor%é?ﬁ&%%étgl iRdURRGYs MHlBe 8 Rk 8h e thédEnin rG&@”b&?"

Mechani cal ari zation"), depositin ditional |ayers such

di f f usi on bafian &9 @’f’@r“f’dﬁ'ﬂ)ﬁ%qe legs B13a1- 7n’ﬁ't‘gP 32 ng rode, gfeHessthan ?atﬁéP's"‘Sn t he
product. | no9@rendde. t hese processes) tenperature cycling of nultiple |ayers
may i nduce stresses due to the thermal coefficient of expansion m smatch
between the different materials 25 thereby causing cracking or

del ami nation. Surface planarity is aIsd’Fequired and may be mai ntai ned

t hrough controlling processing paraneters such as those during the film
formati on process and al so through CVMP. Mechanical integrity, or stiffness,
conpressive, and shear strengths, nmay be particularly inportant to survive
CWP. It has been found that the ability to survive CMP may be correl ated
with the elastic, or Young's, 30 nodulus of the material, along wth other
factors |nclud|ng pollshlng paraneters such as the domn force and pIaten
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purified prior to adding to the m xture. 15 [0020] In another aspect of the
present invention, there is provided a mxture of an at |east one chem cal
reagent for producing a performance material having a dielectric constant
of about 3.7 or less conprising: at |east one silica source; and at |east
one porogen wherein the at | east one porogen conprises fromabout 5 to

east one. chiHOBE) Aiiinel ot fbadassaBaEbah MeliBroroBriti BRdieigltic bongd

gr eat er t henfilnise Gienhiesi vapondepobition (GVD yaralspint-omn diefactricf(SOD) processesamddi ng

hero i s pr obpleal 46 ocleders i figls Rl AR TRl bl oP FREng Y™

di el ectric chkmstrasdchcds GVD obliquict pslymenprecarisos:andriansporhpolpmerizationC\id. An at

at T oast DoV REN o ek T o end BhnBUEs fps nthosfillc "

deposi ti ng t blassified rcategoties suchidssiurely imorgaricomatesialspedraniicsuatetialaf silicaand

Cut 16 ent ¢ Berrmeen: Gy shortco%lr R 6 DAGRTER BBl ot AT, one

chem cal r eayandty bigsrocesses hhve bemm usieg foraoueihg tiesé nuatenials togdlezamposé laad/or he

o hddi ng-t hieev VoIS Gamusehis 4 sSPEER ARV I RFR e e RN HEyBRufE, P
anot her #3petreatirig thb enaterizdsowith plasmaas,ieteciron beams| or YV aadiatied. a process for

process for formng a performance filmhaving a dielectric constant of 3.7
or | ess conpfd0dBhgSinge the diclegtria constantrat avfis somiaally £asenecappradotrio cediucingagent

whorei n the e dE8Rke ol BT etk B0 baI6 mARlasbor B nORRIREINER,

percent of einkrptieced iojovddielpcivicpsaterials thieudht ehedriety oftdifferent reamst Aodielectrieni cal

cagent na, BBty S e A sdhafed o} Boam,

t he at |tast howeves, tbbelastiamodelag ehthetfiom gererallydeoreased syithsndreasing perosityt ur e

substrate t oCONPREOIE SR RietdcrpalioLaghiEse PP oG ESOIPESERR Be 1o,
sai d perf or nuadeoff i dielefttic 28hstamt withtelastiomomiulusspect of the present
invention, there is provided a process for formng a performance film

havi ng a di e[080V] i The dietectriviconstast (k) ofra matesiacgenerallyicagnot b@ rpdusseddvithpuba

our oo, at | AEPosi Rl K FEERh AR HerR P HoPus Hro RS iy e

suffici €20 t matedliaglsMechapidal strengthuie neédedfer subseguentiprocessing gtepsfsuéin asn about

cubst rate:  aRanohy oRp Colubd FadnehRhim & eforth ARl oBhalrt AR 8 678 5

for a tine ssuidhas diffasiarobdroemferadopper coppemmeta (fGU”)nand Bap @Yyars] onthe peoduct

etai | oa des Brimd Bfinéskiraesdie tbinbarde EpeiBRORETblG R itG mflceisPless

[ 00250 FI Gs. die @ thathetmbl ¢defficint at expahsior ifisrodtcio betwaenq fthe difereahmatetriaisl ene

Cespecti o, y ety AuShE FakioPy bt BeaiPdo R brb ialhie s it el ey pp

t he present maintaitedihrogb@26{rolfiig fBocéssingmararastess sichtasdhossd dwsingdherticul es

o present ; . _ sdhosd disngthar
ol v vl aBRss i AR ARBh TR, MBEnAER ER o S SRR A ae he
L T s Lex dpfasial |
ast!| C nodu . , '
Source. T 00ohseneasd wab i Abiinclouith CRIP Hal B Fafdatsd Sithink PBEG oF YRUREET on
that ill3ctrmodsius bthe matal, idvey With ethet factoryintleding tpolishirg pargimetersisncreas zed

|1 | ti | . DETAI LED DE PT]ON OF T | NV l, 30 [0028] .Th
D ent s v B i 3icq Bnd PIALeT B aowed: (of BEATPRIE: WapQ el Al cAdiaiced Picassing:”
conpri si ng semMP.of CiglodtecamiCa/uttraion-g layalss, SulidiSiste(Teehsol! Septeitier, @00 AR

relatively | ogw ngtal tent _7 aq%.all for ease of .mgnufacture in
conpari son & bt e kIelpFrs Chayapipleation fortiamatanng Mp@aton RIS s and
filnms of the present invention are suitable for use as a "performance
material". The term "performance naterial" as used herein relates to an
inorganic material that is suitable for use as an interlevel dielectric
(ILD), or a 5 nesoporous silicon-based material that is suitable for use in
sem conductors, sem conductor manufacturing, photonics) nano-scale
mechani cal or nano-scale electrical devices, gas separations) liquid
separations, or chem cal sensors. The terns "siliconbased" and
"silica-based" are used interchangeably throughout the specification.
[0029] In certain preferred enbodi nents, the dielectric or performance



Appar at us, and Methods for Formng Filns on Substrates”, may be used to
appty the mxture, which is incorporated herein by reference inits
entirety. Further related processes nay be used to apply the m xture

i nclude oscillating non-contact induced spreading forces, gravity-induced
spreadi ng forces, wetting-induced spreading forces, or 5 conbinations

Si11oa. The tapiaonGoqiteEhidbdy Chribleol i iame LTI o - FhAR tobiiRial 20
herein, is a pregertieésadretatsatimpararntiih theqrack&iing aftte firgigeoducd at ons, and

possi bly additional substituents such as, but not limted to, other
el ement s sucH0088]H,ArBthet comsideratiorainithie produetionaf law diatectricgnatatials and theas

oL 01, 0 9 CUgh Y B4 i S A IR AnG TBE o,

mat eri al may rther conprrse silicon- ving
Si - C bond§ t dialéatric filmatio bewsuitable dér IGiegeaterh€ireuit (i) rfgbrication, litss wesirablehthat th@0 t o
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fromthe n‘ix& gfebsgﬁgﬁuse the dielectric constant of the material is
i nversely pr g 9§ "to the 25 weight ratio of the porogen. The wei ght of
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count er i ons Suoh tevelsroiresidual satalytic inpuritisseartei aften of little consequersceoih typieal pr esent

oar c5. pes m BPplsAona Rt hefivan el g e Raads By REY & o BT 78S

("ppb"), andthadtre ¢atalitir ispluitiéscimpattbcby 5@ supfactafibrecemednsignyiticantincthe dihal of

| ocs than 1 PpletBRr AoRhel eS8 hblyortyEaF bR TEE LT el Bhdndun B RLPHE

bi I I'i on (" ppbatalysbsdtems eéepgendingrontthy desiresl mblaculdrOveiglt. Fvbimeldcalas wafght he

opm b of ot abP " 2eedok RERE b8 R, 3 ke G P BTBHA) e st A,

The chenB@al catebygen$ee, fortitstandeh Glass xd. H. SNVatenSoiublecPoiymersiirkaQthmegral s i n

par s per i FrEaiprechiChehicd oot BG) 4 soBring o, sBverks. B (o'

preferred enbodactants,canidlsadontaimesidual catalptipsimpuditest Honinstargptheforgiationef of

contam natin t al t he chem cal reagent e, purified prior,t

Sadi ¢ 1on t o BB swh L BopHRRE PYRY ERT FERe MRy e hE et bt erbpviene
conpri ses at okidasith@neaicohbl, tscoftembase-catalyzed Whieh ihigh setacticity'to thes prirsary dile ei n,
is a conpound having silicon (Si) and oxygen (O and possibly additional
substituents such as, but not limted to,_gther elenents such as H B, C
P, or halide atonms and organi c groups such as al kyl groups; or aryl groups.
The term "al kyl" as used herein includes |inear, branched, or cyclic alkyl
groups, containing from1 to 24 carbon atons, preferably from1l to 12
carbon atons) and nore preferably from1l to 25 5 carbon atons. This term
applies also to al kyl noieties contained in other groups such as hal oal kyl,
al karyl, or aralkyl. The term"al kyl" further applies to alkyl noieties



[0048] Another exanple of at |east one silica source may include conpounds

t hat produce a Si-H bond upon elimination. [0049] Still further exanples of
the at | east one silica source are found in the nonhydrolytic chem stry

met hods described, for exanple, in the references Hay et al., 5 "Synthesis
of CXganic | norgani ¢ Hybrids via t he Non- hydrolytic Sol - Gel Process”, Chem
Mat er . 3396- 3403 (200 A Versatile Route t
it Sharpra e et st e benrShafcricas on s ik 5o, for

Sol - G|9| P][ oc ﬁr%fancefBrth 8 all , @hgeols: Edylend Glycbﬂérgi I?rb@?@he é}llﬁaﬁolklrk\(@lhrﬁéwt her
exanpl e of a st _on Lcasau i da

furrerrg sili ca%n?ﬁfc ica !ﬁ%ﬁ%%@n JQH%W'FU@S ?”SSN\? h@%ﬁl} ver
exanmpl es of $1p 956. SNWrﬁt%S soureé uﬁmpantnésaﬁayrre@mmncm a?unattemohwdétaﬂe rsuch as

Ther o Biig X?”ﬂ%aémg%gmnﬂ)ng Ui clfn o berase ReR SFEGoRtRYaH reareheri

at | east oneag‘el,{dte,@emogglprmyam.@;@hgbl y 15 have an at | east one
carboxylic acid ester bonded to the Si atom In addition to the at | east

one si Ibi caI sgumop Wikl ﬁdﬂa'tr'{hgut bpanfncaﬁrtms:fer ¢reen ; i€dl prébﬁlﬁefcor@ﬁlﬁtl@is fat om havi ng

an car poxyl al e p.atiacne re e X e nay, ur er CO
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ﬁt Ej ac hﬁdr to mgaﬁs 8attsnm>n tr@Qﬁﬁjm fon eamefypé bealkalipetal andless Emmﬁptmatal 0T of
ydrophilic an ydr S Ls used in ure
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amount of si teféranée)tﬂFce 143,892 ebighed trhe abslgrtee(bthérpdeeéntra@bncanoﬁrcﬁéars@bé y

from0.2 to s used herein, refers
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a oX unc onal. l as rti CFOSS
oy e T8 Feteratid Ut 2ohsiheBba, ity ss@aw o clawdtrc Fropfries ot fe Beilin, s
with car{gn fimstiages adairskly Bréctarty fhee p@hﬁmoaadreabént@eh@rr if Guddtamnigthott y on

the Si atons belng an aIkOX|de If the Si atoms do not fully crosslink,
resi dual Si-B§gs ﬁ?oups may be present as term nal groups that can adsorb

t The t b d
of the 30 al OFHF ShSTaNGHnG rebtncRn P heka. Mo ey dh Br2OTHE, Geond?8 o,
Si - Ideonfl, | 6,826,383 @I $)\Pat. App. S’F?&HNO Sgezrbwenlgs i@"*l?i@?@émbhemt wra:ert hat
WOou no e § a ro S| § n sQur S, I N
silicon vvogl g&@ {%%%2 %ﬁﬁé PEQWde; yRriqus 8?%9%#0@3&6%&520 i g'P'@FVVU'?mS
crosslined mat dclgs dhémiehl elgems YisdhsasttleR0OREGREE R siliorbia- OERS ai f
the -18 ter nal ﬂroqg remal rtain eferre i nents,

Lhe hydr ophoBer THess Bisiemias o Histioss map e pimhes iog ae«m he
silicon atonpadr&ﬂé@t debger%t plic®as hdditich ®ithé e@nmrdnaorrayromam&ldmdtato t he

Contensar; onMRles Shme relobhss, Eartes s SEANG IO 00 AN 6 258943 it o

to a sol vent p@lgngeé r@ﬂgérh@pﬁcbrlto @adrﬁ@wocme 8bmpoditiote , Hawdver, Estrhéritiohsd or
contlnuo%fly, and caonduct,in P%f ysui and condensation re%%tlons whi | e

stirringft hePTeViRURly dn gpraing CRIPR PERGFSS Hay\RAVeISRY-a¥ECktBe 100C,
preferably fgercie constaRtnd/dr Mechahital dopt@ibisof tHeaRAEPOSI tion can be

regul ated to provide a desired solid content by conducting concentration or
dilution w tfpoypp A@ddr@mgry,l tﬁer@éi@B net@m the aftfo prwideimprved drfecticatelialhe
hydrol ysi s and conde sation of the silica s can o *r at an¥@F0|nt
during the | BAVAG PYBIRECHIR EoTantAnd SuTsieRaneR BN AR RgoT 10 AETRYSEY Endhaf ¢ er

adding to thgepd ré'falﬂoeh néHd iRthe &1t R provide AIneHnk wgorréréte d.e‘Fézrtn@e@mane I n
certain enbodi nents of resent | east one si

en e
source %0 coRYPHEAa0P F'ﬁs"t'ch@ @%P%@H??“‘\\{té?’édr 83"8!%? k) dﬁﬁ"ﬁ'&‘c‘f‘aﬁ(‘a‘ﬁn Té'efﬁ‘ Pst
vessel ) the ar@@acheadth fhi\aet taaebvmtonéwahc AaterRRENdTRS tHat Aaveemlide &@\sel

and the content t he second ve a 8radua||y added to, the éﬁ
Jessel and nRicoTten et SikTaalfans bRaglic! Bepruies. (5 1WA EHIORR BrDi,
addi tion to thachighldvelis®f Grtal® ay Fagart Flrtner, tAEread & nBed frrtaBakhe phdvidd t  of
the present invention. In certain enbodi ments, the at |east one silica
source is at least partially hydrolyzed at a |OM/pACId value) i.e., 20 from
about 1 to 2.2 to substantially reach hydrolysis equilibrium and then the
pAcid value is increased to a range of from2.2 to 9 to at |east partially
condense the at | east one silica source. The pAcid value is a measurenent

of the acidity of the mxture as defined herein. [0056] The m xture nmay
further include a carboxylate. In certain enbodi mnents) the 25 carboxyl ate
that is added to the m xture may be selected fromthe group consisting of
carboxyllc aC|d a carboxylate anlon a carboxyllc aC|d ester or




[0069] Afilmformng mxture with a relatively low acidity level, i.e.,
havi ng a pAcid 30 value that ranges from about 2.2 to about 9, nmay provide
materials with a higher normalized wall elastic nodulus. In certain
preferred enbodi nents, the pAcid value ranges fromabout 3.8 to 9. In
certain preferred enbodi nents, the pAcid value nmay be adjusted to this
range by adding a strong,.acid catalyst, i.e . havi a pKa of less.than 2,
o The. ni xt uPEbeRsaa 1ot KR v SElegtnb Hirts ¢ EiabvalE kacmps e g ant E9RriNe o
the pH of thehddbcydixiimes, PpAcid val ues for conpositions containing weak
acids such as acetic acid, either added to the m xture or generated in situ
by hydrol ysi $0013]t I refeténcas sitad lesreinrany inberparatec®Herein byaeferenzR!in Migiedritiogty Of

t he actual pH when the anmobunt of weak acid is substantially in excess of
the equivalents of strong acid mnus the equival ents of strong base.

Nevert hel ess, even for these systens, the pAcid value of the m xture can be
used as af indicator of the rBRIEFISUMMARY OF FHESINVENTWONI us of the
resulting film 5 [0070] It is preferred that the m xture has a netal

cont ent bel ow(:cmn)pngeﬁﬁesﬁeneiuv?tibﬂaatisﬂele some} itinet d&iaﬁ ig: mmds:in therdrety Bejl ow 1
ppm it is preferred that, e chenmi cal. reagent has a netal content below 1
Dpm Vi | e BRI AR peedpsEe irals ARG ClRringSatis, PiFTesEON L8NG ho
final films aaljeléattieconsantiof §.7loebelow, fatrsufficieakmestsanidal asteeregtii.abl e | evel s,
and thus the surfactant should be purified. These unpurified surfactants
may commonl y [00d5)o srsemsaspekcbdfithe presentricvamtiorattherads providbe amairiyee bframatdbastt

ovel s 1071 He bReEs Bhrk 6k oroEogberBRncE o Bafhe VGG Eiplne cBftiah! ¥

puri fi cati onof abdub 3r7aatuess conpeisingi atrieastpoe sitiga $cured; at least arepdrdgen; a0 parts

il mmat er i afARe D SeRpRRTORE e tho Ghulsufl 5P Bt AR & bhPro ik el

15 [007t] Cherarmixylicesitbesten or cdmhinations theeaeotbandoan ioaicragiditive Mhe ableastone

pr ocedur es, . i stil J . [,Q: . J on. col tc.
In preferr edag%ﬁﬁg‘isrﬁg#ﬁ ,'s é‘ﬁ@h‘?@ %‘?’%@8@'@?@\%'#"@%&" ﬁ:ﬁﬁggggﬁﬂlt@pgﬁgj%"eﬁ

t han abold t 60Cppmuweigresdersur f act ants and hi gh boiling point solvents, are
purified using ion exchange colums in which alkali ions can be retained
and hydr ogen[Q036} ired tuthedaspect dfdhe preisentdnveTitien, 20erpis providad agnogessdarss can
be conduct ed ' . : ] 0 t i.f] .either
neat or di ss‘a\p@g{gedvﬁ ?'ﬁ?ﬁa% J\'}g’ﬂfé"{@r}“eﬁ%@?‘hg cgﬁég%lﬂl?tf ?gn%ﬁ?és%%éoh{rd"gﬁgéd wth
at | east onepiovidirgamintre of anpbleast. onerchemicabieagenttvodipnising saroét lédst ope ailieat

Wt h at | eastoulit 4 S5 BRERGRAR B MEERTReo MR A e IR AU TS

pr ef er al@( acarboxydatedniohaa carbbxyic asidtdster X comibinatiomsythe remf;cemidaani at feass ondas

eagent and Rateod bRl far aph MRt i S PRkl b B LA

i on exchangeoxideprmupsisvheneihifckt lesist omeychemichl cedgenhhasa natey enpeity leseltdiat have

St'rong base BRI o SEIrTGL P keaditt R0 BeBRuiRP Wi FE bialE S |

- NRBgH' wher ferm aRvdated.substratg; &id3curingdhe Giatéthsubstraieda r?ea ?hmmggatemﬂlﬂratarashgt
Chy onat G apfi: o B RCSARIER 1ok S F Rin o oc of strong acid
FoR S | onacttetal, o dibarder s Bed BPbt bt Fydidn, HBREE PRl B8 i, e

present i nveattleastont lcberaical reagént torprodueinigeaperformgece materidi evingweedielectriche

andl or - sol ut PUER AL oy st combosinh”iledBlhne AR kel By lelF iy Hajogen

recover the whegarthe atledstore porogenadompeibgs frawabout 8 weightopertent to aboutl78s s

t han abo 160. The .sql ution, be. n S t hrqugh,at | east one
on exchithge e s cEy MR v & BT ool R SRek S B ey e a
| east one i oconsistihgobz carboxylip avidda capokdataddied, & cartborylis@cidester, ol n yet
anot her enbodi nent, the at | east one chem cal reagent is dissolved in the
solvent that is used within the m xture. in these enbodi nents, the degree
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enbodi nents, the 10 solvent is renoved fromthe solution to provide at
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conprises rotovapping the effluent. Preferably, the renoving step is
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20C of the boiling point of the solvent. (0072 In addition to the
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[0085) In the foll ow ng exanples, unless stated otherw se, properties were
obtai ned fromsanple filns that were spun onto a | ow resistance (0.01 f~cn)
single crystal silicon 10 wafer substrate and heated to 400C. The

t hi ckness, filmrefractive index, and porosity val ues of each filmwere
determ ned by spectroscopic ellipsonetry using a variable angle
spectroscopl c ellipsoneter, MNode 800 manuf act ur ed Sent ech .
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Model SI 126Rixturetpuerange Ahiabii aboutei@l tdViouEbect roni cs Model Hg 401 single
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resul tant spsoetmaddngdote mixturanal yzed by neans of a frequencyspecific
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at 75 Hz (D{®921indh alstil fetber aspectrof drgpresend énveation; there &l previdexia brddess farhe
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appr ox mat ePyPstte IS o8 it B arelatt uB8 lnsRRl ol Saif aludiiinee
frolm gagh [ gmmmlehewpmelamst m@emmneagd?]t&mg aamptal impluritydevss oher e f
excluded. T results for,.Yo ar ess netra n, for
Che. | ndent aPPB P SgaLe: Eh i AP el 1 el RestaRe rp Rl oaghids tpiiict,
di spl acgorenpriov tocading diie atdeashoneehahigalreagent tdsthegnixtose. data in thi s w ndow,
an average, standard 25 devi ation, and confidence interval for each sanple
wer e t hen cf102@] atreahotfdraspectof tegiresent insentionethiereie \pravddedad pratedsdfar f or t he

rest of the e 0 and aver aged
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30 curve (at about 30-50 nm. The errors of the nodul us and t he hardness of
the filmare expected to be | ess than 10 percent. [0089] The foll ow ng
table, Table I, provides a list of acronyns that are used in the exanples
and t hroughout the application. -31 TABLE |: CHEM CAL ABBREVI ATIONS 5 10
15 Acronym Silica sources TAS TECS MIES MIAS pol y- TECS Sol vents Generic
Nanme Tetraacet oxysilane Tetraethoxysilane Methyltriethoxysil ane
thhytrlacetoxy5|lane Polydlethoxy5|loxane PGVEApr opyl ene gl ycol net hyl

ey e e~~~




va vwwa3 N <00TaoTvan~oca . T Nu~ VNTa.3GN N MX000chvazO-0ol NO~I ?r NNT' - Ca
JOOWrj i'0d biE~c~¢c ' ~'c~'c aco_ C~rT Orc> 1 ~O (nTT JT J ~1
tnvTT7CO pp~O3B' HH n. aN ~NT 1T 1IN TT 100pOTC~-JOF'~° ~nN~Nc n,-a o t~ Ta O
TTaoT GENERAL PROCESS FOR PREPARI NG ARRAY ELEMENTS [0095] A mixture
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about 12 m niallewingatetaileddescriptionat e was noved on 25 its orbital path for a
total duration of about 15 minutes (e.g., about 3 m nutes |onger than the
time at which the last liquid sanple is deposited on the substrate), after
whi ch orbital novenent of the substrate was stopped. O bital novenent of
t he waf er subj ect ed EWEFIDE:F@BIPgm%SE\éEBAhME\E’&Q%EHEQﬁ@WMG§ force to

facilitate spreading of the |liquid sanples on the wafer surface to form
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films producelastithmodds ohithe paisdeals of thewresantiswertioar act eri zed directly to
determ ne the refractive index, dielectric constant, nodul us, hardness, and
nor mal i zed wHIO26}| EKF.iZprovides a pisdaf elasticraedulusevsadielegtrisiconstantfor matexials of

Anal yzer 150 oA

det erm ne reP{re_ ;D(?téigevryrﬂﬁg'ex aa-rpgfgﬁl_ﬁé: .nezsesdsg@?ﬁgct ?dnm | ’ﬁ@@ﬁtﬂlﬁﬁé%n?ﬁ%ﬁ”%/
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10 CONTENT [0098] A total of 180 sanple filnms were prepared in the sane
manner as the general procedure for array filnms except that the types

and/ or anmobunts of silica sources ol ox¥_et hyl ene- based_por ogen) sol vent,
and catalyst in the mxturQEWLED\Fgﬁsr PTHON QF THE INYENRONMr e provided in
Table VI. The m xtures had either one porogen or a m xture of 15 porogens.
The prop¥tti K928} EB%H'GFFPW‘&'@O'EPS&M‘?G@H tp fowrdiplegtrigmateyiads and ij@e campgsing
FIGs. 1 a angamebThEbiefectrit rAatehals &f e phedent hGertfoh dale RilatiVBlyIbW nfeedi c@RtentC
for single porogens and m xtures of porogens, respectively, on the

normal i zed wall elastic nodulus on the naterials of the present invention.
[0099] As Figures 1 a and 1 b illustrate,. ol yoxyethyl ene-based porogens
that have 20 | ower wei ght percent of ethyl ene oxide nay provide materials
with a higher normalized wall elastic nodulus. The nol ecul ar wei ght and
wei ght percent EO for the porogen in tables VI and VI | are as foll ows:

Pl uronic L101, 3800 g/nol nol ecul ar weight and 10 wt. EQ Pluronic L31,
1100 g/ nol nol ecul ar weight and 10 wt. % EO; Triton X102, 778 g/ nol

nmol ecul ar weight and 72.7 wt. % EG Triton X15, 250 g/ nol nol ecul ar wei ght

1 ~r— A o~ N7 =~ - .
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[0031] A void fraction value is first calculated from the Maxwell equation using the
5 observed value for k of the material and a value for the wall k of 4.2, corresponding to
the dielectric constant of dense, amorphous silica. The dielectric constant of the material

is preferably less than 4.2 since x,, is 4.2. The Maxwell equation was rearranged to

solve for porosity or void fraction, as a function of measured k and wall K, as provided in
Equation (1):

10
2 1
-+ X{(Kwn, = K
[3 3 X KS:OZ jl ( Si02 ) .
Ap =] 5 1 Equation (1)
Tt X(Kgpp —K)+K -1
[:3 3x’(s;oz:| ( $102 )
where:
Ksipy =42
X, = void fraction value
15 Kk = measured value of dielectric constant

[0032] The normalized wall elastic modulus may then be calcuiated based on Day's 2-
d circular hole model for elastic modulus using Equation (2). The equation is valid for
void fractions less than gq., the critical porosity at which the pores touch, and beyond

20  which the modulus is predicted to be zero. For materials with a wall k of 4.2, this
determines a minimum K value = 1.23 for composites with E > 0.

Day et al. 2-d circular hole model:

. 2 3 \1]”
Ea ([12979: 11,9 4000 9| vafi-0) L | || Equation @)
E, 1+g/mg, 9. q. q.
where
q = void fraction
g. = 0.9069 = percolation threshold, void fraction at which circles overlap and
modulus goes to zero
30 g, = 1/3 = initial slope
m = 1.5 = critical exponent

= -0.251 = parameter to get correct critical amplitude
6= -1.83 = free fitting parameter

25
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MOMOOO) M ~OkhigivRi&a0/8d feXatiivaide from Equation (1), the elastic modulus for 2-d mrcular holes
5 from Equation (2), the observed value for E, and a value for Poisson's ratio (v) of 0.25.

3-d extension perpendicular to the cylinders:

— = +— Equation (3)
E, 1-g9 E,,/E,

10
where
v = Poisson’s ratio = 0.25
q = void fraction
E, = wall elastic modulus
15

[0034] When q is set equal to the void fraction value y, obtained from the measured

value of k and Equation (1), and E,,, is set equal to the measured value of elastic

modulus, E, then Eq becomes Ey', the normalized wall elastic modulus, giving the
following equation, Equation (4), for Ey":

2 _ Y
20 E'=Ex|—~ +(1—v2)>< 1-g/g. 1+q+a +a(1 6 Equation (4)
1-¢ 1+g/mg | q.

Preterably the normalized wall elastic modulus is 16 GPa or greater, more preferably 18

GPa or greater.

[0035] The material of the present invention may be formed into a film from a precursor
composition or mixture using a variety of different methods. Some examples of

25 processes that may be used to form the film include plasma enhanced chemical vapor
deposition (“PECVD"), high density PECVD, photon assisted CVD, plasma-photon
assisted CVD ("PPECVD"), CVD of a liquid polymer precursor, or transport
polymerization (“TP"). U. S. Pat. Nos. 6,171,945 and 6,054,206 provide some exemplary
CVD methods that may be used with the present invention. Other processes that can be

30 used to form the film include spin-on deposition methods. In certain embodiments of the
present invention, non-contact induced spreading forces such as the process described
in pending U.S. Pat. Application Attorney’s Docket 2001-030 - SMX 3122 entitied

-10-
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©C0000 processes may be used to apply the mixture include oscillating non-contact induced
spreading forces, gravity-induced spreading forces, wetting-induced spreading forces, or
5 combinations thereof.

[0036] The materials of the present invention preferably comprise silica. The term
“silica”, “silica based"”, or “silica containing”, as used herein, is a material that has silicon
(Si) and oxygen (O) atoms, and possibly additional substituents such as, but not limited
to, other elements such as H, B, C, P, or halide atoms or organic groups such as alkyl

10  groups or aryl groups. In certain preferred embodiments, the material may further
comprise silicon-carbon bonds having a total number of Si-C bonds to the total number
of Si atoms ranging from between about 20 to about 80 mole percent, and more
preferably from between about 40 to about 60 mole percent.

[0037] The film of the present invention is preferably formed from a mixture. The

15  mixture may be prepared prior to forming the film or the mixture may form during at least
a portion of the film forming process. Depending upon the film formation method, the
mixture may be deposited onto a substrate as a liquid, vapor, gas, or aerosol of the
mixture.

[0038] The mixture generally comprises an at least one silica source and at least one

20 porogen. The mixture may further include other constituents such as, but not limited to,
water, solvent(s), catalyst, and/or ionic additives. The weight ratio of weight of porogen
to the weight of porogen and weight of SiO, ranges from 0.9 to 0.1. The preferred range
may vary depending the desired dielectric constant of the material produced from the
mixture because the dielectric constant of the material is inversely proportional to the

25  weight ratio of the porogen. The weight of SiO; is calculated from the total number of
moles of silicon introduced by the silica sources within the mixture. This is not meant to
imply that the silica sources are completely converted to SiO,. The weight ratio of
solvent to silica is about 30:1 wherein the solvent may include water. The weight ratio of
ionic additive to weight of porogen is 0.5 to 0. The molar ratio of R, or organic

30 constituents, to Si ranges from 0.2 to 0.8. The molar ratio of water to OR, where OR is
an organic group bonded to silicon through an oxygen atom, e.g. ethoxy functionality on
TEOS, ranges from 40 to 1.

-11-
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[0039] The mixture employs chemicals that meet the requirements of the electronics
industry because they do not contain contaminants, which reduce the efficiency of
preparation of integrated circuits. Constituents like halogen-containing mineral acids,
cationic surfactants with halide counter ions, and anionic surfactants with alkali metal
5 counter ions are preferably avoided in the mixture because they may contribute

undesirable counter ions to the materials of the invention. The mixtures of the present
invention preferably contain contaminating metals in amounts less than 1 parts per
million (“ppm”"), preferably less than 200 parts per billion (“ppb”), and more preferably
less than 50 ppb. Consequently, materials of the invention may preferably contain

10  contaminating metals in amounts less than 1 parts per million ("ppm”), preferably less
than 200 parts per billion (“ppb”), and more preferably less than 50 ppb. Materials of the
invention preferably contain contaminating halides in amounts less than 1 ppm,
preferably less than 750 ppb, and more preferably less than 500 ppb. The chemical
reagents within the mixture contain contaminating metals in amounts less than 1 parts

15  per million (“ppm”), preferably less than 200 parts per billion (“ppb”), and more preferably
less than 50 ppb. In certain preferred embodiments, if the chemical reagent contains 1
ppm or greater of contaminating metals, the chemical reagent may be purified prior to
addition to the mixture.

[0040] As mentioned previously, the mixture comprises at least one silica source. A

20 ‘“silica source”, as used herein, is a compound having silicon (Si) and oxygen (O) and
possibly additional substituents such as, but not limited to, other elements such as H, B,
C, P, or halide atoms and organic groups such as alkyl groups; or aryl groups. The term
“alkyl” as used herein includes linear, branched, or cyclic alkyl groups, containing from 1
to 24 carbon atoms, preferably from 1 to 12 carbon atoms, and more preferably from 1 to

25 5 carbon atoms. This term applies also to alkyl moieties contained in other groups such
as haloalkyl, alkaryl, or aralkyl. The term “alkyl” further applies to alkyl moieties that are
substituted, for example with carbonyl functionality. The term “aryl” as used herein six to
twelve member carbon rings having aromatic character. The term “aryl” also applies to
aryl moieties that are substituted. The silica source may include materials that have a

30  high number of Si-O bonds, but can further include Si-O-Si bridges, Si-R-Si bridges, Si-C
bonds, Si-H bonds, Si-F bonds, or C-H bonds. It is preferred that the at least one silica
source imparts a minimum of Si-OH bonds in the dielectric material.

[0041] The following are non-limiting examples of silica sources suitable for use in the
mixture and method of the present invention. In the chemical formulas which follow and

-12 -
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in all chemical formulas throughout this document, the term “independently” should be
understood to denote that the subject R group is not only independently selected relative
to other R groups bearing different superscripts, but is also independently selected
relative to any additional species of the same R group. For example, in the formula

5 R.Si(OR")4.Si, when a is 2, the two R groups need not be identical to each other or to

R'.

[0042] The term “monovalent organic group” as used herein relates to an organic
group bonded to an element of interest, such as Si or O, through a single C bond, i.e.,
Si-C or O-C. Examples of monovalent organic groups include an alkyl or an aryl group.
10  The alkyl group may be a linear, branched, or cyclic alkyl group having from 1to 5
carbon atoms such as, for example, a methyl, ethyl, propyl, butyl, or pentyl group.
Examples of aryl groups suitable as the monovalent organic group include phenyl,
methyiphenyl, ethylphenyl and fluorophenyl. In certain embodiments, one or more
hydrogens within the alkyl group may be substituted with an additional atom such as a
15 halide atom (i.e., fluorine), or an oxygen atom to give a carbony! functionality.

[0043] In certain embodiments, the at least one silica source may be represented by
the following formula: R.Si(OR')4.., wherein R independently represents a hydrogen
atom, a fluorine atom, or a monovalent organic group; R' independently represents a
monovalent organic group; and a is an integer ranging from 1 to 2. Specific examples of
20 the compounds represented by R,Si(OR")... include: methyltrimethoxysilane,
methyltriethoxysilane, methyltri-n-propoxysilane, methyltri-iso- propoxysilane, methyltri-n-

butoxysilane, methyltri-sec-butoxysilane, methyitri-tert-butoxysilane,

methyltriphenoxysilane, ethyltrimethoxysilane, ethyitriethoxysilane, ethyltri-n-

propoxysilane, ethyitri-iso-propoxysilane, ethyltri-n-butoxysilane, ethyltri-sec-

25  butoxysilane, ethyltri-tert-butoxysilane, ethyltriphenoxysilane, n-propyltrimethoxysilane,
n-propyltriethoxysilane, n-propyltri-n- propoxysilane, n-propyltri-iso-propoxysilane, n-
propyltin-n-butoxysilane, n-propyltri-sec-butoxysilane, n-propyitri-tert-butoxysilane, n-

propyltriphenoxysilane, isopropyltrimethoxysilane, isopropyltriethoxysilane, isopropyitri-n-
propoxysilane, isopropyltriisopropoxysilane, isopropyltri-n-butoxysilane, isopropyitri-sec-

30 butoxysilane, isopropyltri-tert-butoxysilane, isopropyltriphenoxysilane, n-

butyltrimethoxysilane, n-butyltriethoxysilane, n-butyltri-n-propoxysilane, n-

butyltriisopropoxysilane, n-butyltri-n-butoxysilane, n-butyltri-sec-butoxysilane, n-butyltri-

tert-butoxysilane, n-butyltriphenoxysilane; sec-butyltrimethoxysilane, sec-

butyltriethoxysilane, sec-butyltri-n-propoxysilane, sec-butyltriisopropoxysilane, sec-
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butyltri-n-butoxysilane, sec-butyltri-sec-butoxysilane, sec-butyltri-tert-butoxysilane, sec-
butyltriphenoxysilane, tert-butyltrimethoxysilane, tert-butyitriethoxysilane, tert-butyitri-n-
propoxysilane, tert-butyltriisopropoxysilane, tert-butyltri-n-butoxysilane, tert-butyitri-sec-
butoxysilane, tert-butyltri-tert-butoxysilane, tert-butyitriphenoxysilane,
isobutyltrimethoxysilane, isobutyltriethoxysilane, isobutyitri-n-propoxysilane,
isobutyltriisopropoxysilane, isobutyltri-n-butoxysilane, isobutyltri-sec-butoxysilane,
isobutyltri-tert-butoxysilane, isobutyltriphenoxysilane, n-pentyltrimethoxysilane, n-
pentyltriethoxysilane, n-pentyltri-n-propoxysilane, n-pentyltriisopropoxysilane, n-pentyitri-
n-butoxysilane, n-pentyltri-sec-butoxysilane, n-pentyltri-tert-butoxysilane, n-
pentylitriphenoxysilane; sec-pentyitrimethoxysilane, sec-pentyltriethoxysilane, sec-
pentyltri-n-propoxysilane, sec-pentyltriisopropoxysilane, sec-pentyltri-n-butoxysilane,
sec-pentyltri-sec-butoxysilane, sec-pentyltri-tert-butoxysilane, sec-
pentyitriphenoxysilane, tert-pentyltrimethoxysilane, tert-pentyltriethoxysilane, tert-
pentyltri-n-propoxysilane, tert-pentyltriisopropoxysilane, tert-pentyltri-n-butoxysilane, tert-
pentyltri-sec-butoxysilane, tert-pentyitri-tert-butoxysilane, tert-pentyltriphenoxysilane,
isopentyltrimethoxysilane, isopentyltriethoxysilane, isopentyltri-n-propoxysilane,
isopentyltriisopropoxysilane, isopentyltri-n-butoxysilane, isopentyltri-sec-butoxysilane,
isopentyltri-tert-butoxysilane, isopentyltriphenoxysilane, neo-pentyltrimethoxysilane, neo-
pentyltriethoxysilane, neo-pentyitri-n-propoxysilane, neo-pentyltriisopropoxysilane, neo-
pentyitri-n-butoxysilane, neo-pentyltri-sec-butoxysilane, neo-pentyitri-neo-butoxysilane,
neo-pentyltriphenoxysilane phenyitrimethoxysilane, phenyitriethoxysilane, phenyitri-n-
propoxysilane, phenyltriisopropoxysilane, phenyltri-n-butoxysilane, phenyiltri-sec-
butoxysilane, phenyltri-tert-butoxysilane, phenyltriphenoxysilane, §-
trifluoropropylitrimethoxysilane, é-trifluoropropyltriethoxysilane, dimethyldimethoxysilane,
dimethyldiethoxysilane, dimethyldi-n-propoxysilane, dimethyldiisopropoxysilane,
dimethyldi-n-butoxysilane, dimethyldi-sec-butoxysilane, dimethyldi-tert-butoxysilane,
dimethyldiphenoxysilane, diethyldimethoxysilane, diethyldiethoxysilane, diethyldi-n-
propoxysilane, diethyldiisopropoxysilane, diethyldi-n-butoxysilane, diethyldi-sec-
butoxysilane, diethyldi-tert-butoxysilane, diethyldiphenoxysilane, di-n-
propyldimethoxysilane, di-n-propyldimethoxysilane, di-n-propyldi-n-propoxysilane, di-n-
propyldiisopropoxysilane, di-n-propyldi-n-butoxysilane, di-n-propyldi-sec-butoxysilane, di-
n-propyldi-tert-butoxysilane, di-n-propyldiphenoxysilane, diisopropyldimethoxysilane,
diisopropyidiethoxysilane, diisopropyidi-n-propoxysilane, diisopropyldiisopropoxysilane,
diisopropyldi-n-butoxysilane, diisopropyidi-sec-butoxysilane, diisopropyidi-tert-
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butoxysilane, I\éli]islc;pcr)o;g\lyrldiphenoxysiIane, di-n-butyldimethoxysilane, di-n-
butyldiethoxysilane, di-n-butyldi-n-propoxysilane, di-n- butyldiisopropoxysilane, di-n-
butyidi-n-butoxysilane, di-n-butyidi-sec-butoxysilane, di-n-butyldi-tert-butoxysilane, di-n-
butyldiphenoxysilane, di-sec-butyldimethoxysilane, di-sec-butyldiethoxysilane, di-sec-

5  butyldi-n-propoxysilane, di-sec-butyldiisopropoxysilane, di-sec-butyldi-n-butoxysilane, di-
sec-butyldi-sec-butoxysilane, di-sec-butyldi-tert-butoxysilane, di-sec-
butyldiphenoxysilane, di-tert-butyldimethoxysilane, di-tert-butyldiethoxysilane, di-tert-
butyldi-n-propoxysilane, di-tert-butyldiisopropoxysilane, di-tert-butyldi-n-butoxysilane, di-
tert-butyldi-sec-butoxysilane, di-tert-butyldi-tert-butoxysilane, di-tert-

10  butyldiphenoxysilane, diphenyldimethoxysilane, diphenyldiethoxysilane, diphenyldi-n-
propoxysilane, diphenyldiisopropoxysilane, diphenyldi-n-butoxysilane, diphenyldi-sec-
butoxysilane, diphenyldi-tert-butoxysilane, diphenyldiphenoxysilane,
methyineopentyldimethoxysilane, methyineopentyldiethoxysilane,
methyldimethoxysilane, ethyldimethoxysilane, n-propyldimethoxysilane,

15  isopropyldimethoxysilane, n-butyldimethoxysilane, sec-butyldimethoxysilane, tert-
butyldimethoxysilane, isobutyldimethoxysilane, n-pentyldimethoxysilane, sec-
pentyldimethoxysilane, tert-pentyldimethoxysilane, isopentyldimethoxysilane,
neopentyldimethoxysilane, neohexyldimethoxysilane, cyclohexyldimethoxysilane,
phenyldimethoxysilane, methyldiethoxysilane, ethyldiethoxysilane, n-

20 propyldiethoxysilane, isopropyldiethoxysilane, n-butyldiethoxysilane, sec-
butyldiethoxysilane, tert-butyldiethoxysilane, isobutyldiethoxysilane, n-
pentyldiethoxysilane, sec-pentyidiethoxysilane, tert-pentyidiethoxysilane,
isopentyldiethoxysilane, neopentyldiethoxysilane, neohexyldiethoxysilane,
cyclohexyldiethoxysilane, phenyldiethoxysilane,; trimethoxysilane, triethoxysilane, tri-n-

25  propoxysilane, triisopropoxysilane, tri-n-butoxysilane, tri-sec-butoxysilane, tri-tert-
butoxysilane, triphenoxysilane. Of the above compounds, the preferred compounds are
methylitrimethoxysilane, methyltriethoxysilane, methyltri-n-propoxysilane,
methyltriisopropoxysilane, ethyltrimethoxysilane, ethyltriethoxysilane,
dimethyldimethoxysilane, dimethyldiethoxysilane, diethyldimethoxysilane, and

30 diethyldiethoxysilane.

[0044] The at least one silica source may be a compound having the formula Si(OR?),
wherein R? independently represents a monovalent organic group. Specific examples of
the compounds represented by Si(OR?), include tetramethoxysilane, tetraethoxysilane,

tetra-n-propoxysilane, tetraisopropoxysilane tetra-n-butoxysilane, tetra-sec-butoxysilane,
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tetra- tert-butoxysilane, tetraacetoxysilane, and tetraphenoxysilane. Of the above, the
preferred compounds are tetramethoxysilane, tetraethoxysilane, tetra-n-propoxysilane,
or tetraisopropoxysilane, tetraphenoxysilane.

[0045] The at least one silica source may be a compound having the formula
R3,(R*0)sSi-(R")-Si(OR®)sR%, wherein R® and R® are independently a hydrogen atom,
a fluorine atom, or a monovalent organic group; R* and R® are independently a
monovalent organic group; b and ¢ may be the same or different and each is a number
ranging from 0 to 2; R’ is an oxygen atom, a phenylene group, or a group represented by
—(CHz)n-, wherein n is an integer ranging from 1 to 6; or combinations thereof. Specific
examples of these compounds wherein R is an oxygen atom include:
hexamethoxydisiloxane, hexaethoxydisiloxane, hexaphenoxydisiloxane, 1,1,1,3,3-
pentamethoxy-3- methyldisiloxane, 1,1,1,3,3-pentaethoxy-3-methyldisiloxane, 1,1,1,3,3-
pentamethoxy-3-phenyldisiloxane, 1,1,1,3,3-pentaethoxy-3-phenyldisiloxane, 1,1,3,3-
tetramethoxy-1,3-dimethyldisiloxane, 1,1,3,3-tetragthoxy-1,3-dimethyldisiloxane, 1,1,3,3-
tetramethoxy-1,3-diphenyldisiloxane, 1,1,3,3-tetraethoxy-1,3-diphenyldisiloxane, 1,1,3-
trimethoxy-1,3,3-trimethyldisiloxane, 1,1,3-triethoxy-1,3,3-trimethyldisiloxane, 1,1,3-
trimethoxy-1,3,3-triphenyldisiloxane, 1,1,3-triethoxy-1,3,3-triphenyldisiloxane, 1,3-
dimethoxy-1,1,3,3-tetramethyldisiloxane, 1,3-diethoxy-1,1,3,3-tetramethyldisiloxane, 1,3-
dimethoxy-1,1,3,3-tetraphenyldisiloxane and 1,3-diethoxy-1,1,3,3-tetraphenyldisiloxane.
Of those, preferred compounds are hexamethoxydisiloxane, hexaethoxydisiloxane,
hexaphenoxydisiloxane, 1,1,3,3-tetramethoxy-1,3-dimethyldisiloxane, 1,1,3,3-
tetraethoxy-1,3-dimethyldisiloxane, 1,1,3,3-tetramethoxy-1,3-diphenyldisiloxane, 1,3-
dimethoxy-1,1,3,3-tetramethyldisiloxane, 1,3-diethoxy-1,1,3,3-tetramethyldisiloxane, 1,3-
dimethoxy-1,1,3,3-tetraphenyldisiloxane;1,3-diethoxy-1,1,3,3-tetraphenyldisiloxane.
Specific examples of these compounds wherein R is a group represented by -(CHa),-
include: bis(trimethoxysilyl)methane, bis(triethoxysilyl)methane,
bis(triphenoxysilyl)methane, bis(dimethoxymethyisilyl)methane,
bis(diethoxymethylsilyl)methane, bis(dimethoxyphenylsilyl)methane,
bis(diethoxyphenylsilyl)methane, bis(methoxydimethyisilyl)methane,
bis(ethoxydimethylsilyl)methane, bis(methoxydiphenylsilyl)methane,
bis(ethoxydiphenylsilyl)methane, 1,2-bis(trimethoxysilyl)ethane, 1,2-
bis(triethoxysilyl)ethane, 1,2-bis(triphenoxysilyl)ethane, 1,2-
bis(dimethoxymethylsilyl)ethane, 1,2-bis(diethoxymethyisilyl)ethane, 1,2-
bis(dimethoxyphenyisilyl)ethane, 1,2-bis(diethoxyphenylsilyl)ethane, 1,2-
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bis(methoxydimethylsilyl)ethane, 1,2-bis(ethoxydimethyisilyl)ethane, 1,2-
bis(methoxydiphenylsilyl)ethane, 1,2-bis(ethoxydiphenyisilyl)ethane, 1,3-
bis(trimethoxysilyl)propane, 1,3-bis(triethoxysilyl)propane, 1,3-
bis(triphenoxysilyl)propane, 1,3-bis(dimethoxymethylsilyl)propane, 1,3-

5  bis(diethoxymethyisilyl)propane, 1,3-bis(dimethoxyphenylsilyl)propane, 1,3-
bis(diethoxyphenyisilyl)propane, 1,3-bis(methoxydimethylsilyl)propane, 1,3-
bis(ethoxydimethylsilyl)propane, 1,3-bis(methoxydiphenylsilyl)propane; 1,3-
bis(ethoxydiphenyisilyl) propane;. Of those, preferred compounds are
bis(trimethoxysilyl)methane, bis(triethoxysilyl)methane,

10  bis(dimethoxymethyisilyl)methane, bis(diethoxymethylsilyl)methane,
bis(dimethoxyphenylsilyl)methane, bis(diethoxyphenylsilyl)methane,
bis(methoxydimethylsilylymethane, bis(ethoxydimethyisilyl)methane,
bis(methoxydiphenylsilylymethane and bis(ethoxydiphenylsilyl)methane.

[0046] In certain preferred embodiments of the present invention, R' of the formula
15 R4Si(OR').; R?of the formula Si(OR?),; and R*and/or R® of the formula R%,(R*0).,Si-
(R")-Si(OR®)4..R%; can each independently be a monovalent organic group of the formula:

CHj

N

wherein n is an integer ranging from 0 to 4. Specific examples of these compounds
include: tetraacetoxysilane, methyitriacetoxysilane, ethyltriacetoxysilane, n-

20  propyltriacetoxysilane, isopropyltriacetoxysilane, n-butyitriacetoxysilane, sec-
butyitriacetoxysilane, tert-butyltriacetoxysilane, isobutyltriacetoxysilane, n-
pentyltriacetoxysilane, sec-pentyltriacetoxysilane, tert-pentyltriacetoxysilane,
isopentylitriacetoxysilane, neopentyitriacetoxysilane, phenyltriacetoxysilane,
dimethylidiacetoxysilane, diethyldiacetoxysilane, di-n-propyldiacetoxysilane,

25  diisopropyldiacetoxysilane, di-n-butyldiacetoxysilane, di-sec-butyldiacetoxysilane, di-tert-
butyldiacetoxysilane, diphenyldiacetoxysilane, triacetoxysilane. Of these compounds,
tetraacetoxysilane and methyltriacetoxysilane are preferred.

[0047] Other examples of the at least one silica source may include a fluorinated silane
or fluorinated siloxane such as those provided in U. S. Pat. No. 6,258,407.
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[0049] Still further examples of the at least one silica source are found in the non-

hydrolytic chemistry methods described, for example, in the references Hay et al.,

5 “Synthesis of Organic-Inorganic Hybrids via the Non-hydrolytic Sol-Gel Process”, Chem.
Mater., 13, 3396-3403 (2001) or Hay, et al., “A Versatile Route to Organically-Modified
Silicas and Porous Silicas via the Non-Hydrolytic Sol-Gel Process”, J. Mater. Chem., 10,
1811-1818 (2000).

—~— s s

[0050] Yet another example of at least one silica source may include colloidal silica,
10  fumed silica, or silicic acid starting materials.

[0051] Still other examples of silica sources include silsesquioxanes such as hydrogen
silsesquioxanes (HSQ, HSIO, 5) and methyl silsesquioxanes (MSQ, RSiO, s where R is a
methyl group).

[0052] In certain preferred embodiments, the at least one silica source may preferably

15  have an at least one carboxylic acid ester bonded to the Si atom. In addition to the at
least one silica source wherein the silica source has at least one Si atom having an
carboxylate group attached thereto, the mixture may further comprise additional silica
sources that may not necessarily have the carboxylate attached to the Si atom.

[0053] In preferred embodiments, a combination of hydrophilic and hydrophobic silica

20  sources is used in the mixture. In preferred embodiments, the ratio of hydrophobic silica
source to the total amount of silica source is greater than about 0.2 molar ratio,
preferably from 0.2 to 0.8 molar ratio. The term “hydrophilic”, as used herein, refers to
compounds wherein the silicon atom can crosslink through at least four bonds. Some
examples of hydrophilic sources include alkoxysilanes having an alkoxy functionality and

25 can at least partially crosslink, i.e. a Si atom with four methoxy, ethoxy, propoxy,
acetoxy, etc. groups, or materials with carbon or oxygen bonds between Si atoms and all
other functionality on the Si atoms being an alkoxide. If the Si atoms do not fully
crosslink, residual Si-OH groups may be present as terminal groups that can adsorb
water. The term hydrophobic source refers to compounds where at least one of the

30 alkoxy functionalities has been replaced with a terminal Si-C or Si-F bond, i.e. Si-methyl,
Si-ethyl, Si-phenyl, Si-cyclohexyl, etc., that would not generate a hydroxy! after
hydrolysis. In these sources, the silicon would crosslink with less than four bridges even
when fully crosslinked as a result of hydrolysis and condensation of Si-OH groups if the
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[0057] The catalyst suitable for the present invention includes any organic or inorganic
5 acid or base that can catalyze the hydrolysis of substitutents from the silica source in the

presence of water, and/or the condensation of two silica sources to form an Si-O-Si
bridge. The catalyst can be an organic base such as, but not limited to, quaternary
ammonium salts and hydroxides, such as ammonium or tetramethylammonium, amines
such as primary, secondary, and tertiary amines, and amine oxides. The catalyst can

10 also be an acid such as, but not limited to, nitric acid, maleic, oxalic, acetic, formic,
glycoiic, glyoxalic acid, or mixtures thereof. In preferred embodiments, the catalyst
comprises a non-halide containing acid, preferably nitric acid. In certain preferred
embodiments, the catalyst may comprise a strong acid catalyst, i.e., have a pK, that is 2
or less, to maintain the pAcid value of the mixture at a range of from 2.2 t0 9.

15 [0058] The term solvent as used herein refers to any liquid or supercritical fluid that
provides solubility with the reagents, adjusts the film thickness, provides sufficient optical
clarity for subsequent processing steps, such as lithography, and is substantially
removed upon curing. Solvents that are suitable for the use in the present invention may
include any solvent that, for exampie, exhibits solubility with the reagents, affects the

20  viscosity of the mixture, and/or affects the surface tension of the mixture upon deposition
onto the substrate. Solvents can be alcoho! solvents, ketone solvents, amide solvents,
or ester solvents. In certain embodiments, one or more solvents used in the present
invention have relatively low boiling points, i.e., below 160°C. These solvents include,
but are not limited to, tetrahydrofuran, acetone, 1,4-dioxane, 1,3-dioxolane, ethyl acetate,

25 and methyl ethyl ketone. Other solvents, that can be used in the present invention but
have boiling points above 160°C, include dimethylformamide, dimethylacetamide, N-
methyl pyrrolidone, ethylene carbonate, propylene carbonate, glycerol and derivatives,
naphthalene and substituted versions, acetic acid anyhydride, propionic acid and
propionic acid anhydride, dimethyl sulfone, benzophenone, diphenyl sulfone, phenol, m-

30 cresol, dimethyl sulfoxide, diphenyl ether, terphenyl, and the like. Preferred solvents
include propylene glycol propyl ether (PGPE), 3-heptanol, 2-methyl-1-pentanol, 5-
methyl-2-hexanol, 3-hexanol, 2-heptanol, 2-hexanol, 2,3-dimethyl-3-pentano!, propylene
glycol methyl ether acetate (PGMEA), ethylene glycol n-butyl ether, propylene glycol n-
buty! ether (PGBE), 1-butoxy-2-propanol, 2-methyl-3-pentanol, 2-methoxyethyl acetate,
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ether. Still further exemplary solvents include lactates, pyruvates, and diols. The
solvents enumerated above may be used alone or in combination of two or more
solvents. In preferred embodiments, the solvent may comprise one or more solvents
with relatively low boiling points, i.e., boiling points below 160°C.

[0059] The mixture used to form the films of the present invention further comprises a
porogen. A “porogen”, as used herein, is a reagent that is used to generate void volume
within the resultant film. Suitable porogens for use in the dielectric materials of the
present invention include labile organic groups, solvents, decomposable polymers,
surfactants, dendrimers, hyper-branched polymers, polyoxyalkylene compounds, organic
macromolecules, or combinations thereof. Still further examples of suitable porogens
include those porogens described in pending patent application, Attorney Docket
06274P2, which is assigned to the assignee of the present invention.

[0060] In certain embodiments of the present invention, the porogen may include labile
organic groups. When some labile organic groups are present in the reaction mixture,
the labile organic groups may contain sufficient oxygen to convert to gaseous products
during the cure step. In yet other embodiments of the present invention, a film is
deposited via CVD from a mixture comprising the labile organic groups with a peroxide
compound followed by thermal annealing. Some examples of compounds containing
labile organic groups include the compounds disclosed in U. S. Pat. No. 6,171,945,
which is incorporated herein by reterence in its entirety.

[0061] In some embodiments of the present invention, the porogen may be a soivent.
in this connection, the solvent is generally present during at least a portion of the cross-
linking of the matrix material. Solvents typically used to aid in pore formation have
relatively higher boiling points, i.e., greater than 175°C, preferably greater than 200°C.
Solvents suitable for use as a porogen within the mixture of the present invention include
those solvents provided, for example, in U. S. Pat. No. 6,231,989.

[0062] In certain embodiments, the porogen may be a small molecule such as those
described in the reference Zheng, et al., “Synthesis of Mesoporous Silica Materials with
Hydroxyacetic Acid Derivatives as Templates via a Sol-Gel Process”, J. inorg.
Organomet. Polymers, 10, 103-113 (2000).

[0063] The porogen could also be a decomposabie polymer. The decomposable
polymer may be radiation decomposable, or more preferably, thermally decomposable.
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117r = CO OOGepolymerSﬂﬂless expressly stated to the contrary. Radiation decomposable polymers
are polymers that decompose upon exposure to radiation, e.g., ultraviolet, X-ray,
electron beam, or the like. Thermally decomposable polymers undergo thermal
5 decomposition at temperatures that approach the condensation temperature of the silica
source materials and are present during at least a portion of the cross-linking. Such
polymers are those which foster templating of the vitrification reaction, control and define
pore size, and decompose and diffuses out of the matrix at the appropriate time in
processing. Examples of these polymers include polymers that have an architecture that
10 provides a three-dimensional structure such as, but not limited to, block copolymers, i.e.,
diblock, triblock, and multiblock copolymers; star block copolymers; radial diblock
copolymers; graft diblock copolymers; cografted copolymers; dendrigraft copolymers;
tapered block copolymers; and combinations of these architectures. Further examples of
degradable polymers are found in U. S. Pat. No. 6,204,202, which is incorporated herein

15 by reference in its entirety.

[0064] The porogen may be a hyper branched or dendrimeric polymer. Hyper
branched and dendrimeric polymers generally have low solution and melt viscosities,
high chemical reactivity due to surface functionality, and enhanced solubility even at
higher molecular weights. Some non-limiting examples of suitable decomposable hyper-

20 branched polymers and dendrimers are provided in “Comprehensive Polymer Science”,
2™ Supplement, Aggarwal, pp. 71-132 (1996) that is incorporated herein by reference in
its entirety.

[0065] The porogen within the film-forming mixture may also be a polyoxyalkylene
compound such as polyoxyalkylene non-ionic surfactants, polyoxyalkylene polymers,

25  polyoxyalkylene copolymers, polyoxyalkylene oligomers, or combinations thereof. An
example of such is a polyalkylene oxide that includes an alkyl moiety ranging from C; to
Ce such as polyethylene oxide, polypropylene oxide, and copolymers thereof.

[0066] The porogen of the present invention could also comprise a surfactant. For
silica sol-gel based films in which the porosity is introduced by the addition of surfactant
30 thatis subsequently removed, varying the amount of surfactant can vary porosity.
Typical surfactants exhibit an amphiphilic nature, meaning that they can be both
hydrophilic and hydrophobic at the same time. Amphiphilic surfactants possess a
hydrophilic head group or groups, which have a strong affinity for water and a long
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cationic, nonionic, or amphoteric. Further classifications of surfactants include silicone
surfactants, poly(alkylene oxide) surfactants, and fluorochemical surfactants. However,
for the formation of dielectric layers for IC applications, non-ionic surfactants are

5 generally preferred. Suitable surfactants for use in the mixture include, but are not

limited to, octyl and nonyl phenol ethoxylates such as TRITON® X-114, X-102, X-45, X-
15; alcohol ethoxylates such as BRIJ® 56 (CigHas(OCH.CH>)1,0H) (ICl), BRIJ® 58
(C1eHa3(OCH2CHa)200H) (ICl), and acetylenics diols such as SURFYNOLS® 465 and
485 (Air Products and Chemicals, Inc.). Further surfactants include polymeric

10  compounds such as the tri-block EO-PO-EO co-polymers PLURONIC® L121, 1123, L31,
L81, L101 and P123 (BASF, Inc.). Still further exemplary surfactants include alcohol
(primary and secondary) ethoxylates, amine ethoxylates, glucosides, glucamides,
polyethylene glycols, poly(ethylene glycol-co-propylene glycol), or other surfactants
provided in the reference McCutcheon’s Emulsifiers and Detergents, North American

15  Edition for the Year 2000 published by Manufacturers Confectioners Publishing Co. of

Glen Rock, N.J.

[0067] In certain preferred embodiments, the porogen has a certain weight percent of
ethylene oxide, i.e., 75 % or less, preferably ranging from 5 % to 75 %, and more
preferably ranging from 5 to 55 % or less weight percent of ethylene oxide ("EO") groups.

20 The weight percentage of EO corresponds to the total weight ethylene oxide groups (i.e.,
—~-OCH,CHg-) from all of the porogen molecules within the mixture divided by the total
weight of all of the porogen molecules within the mixture, multiplied by 100. In some
instances, the EO portion of the porogen molecuie may exhibit polydispersity with
respect to ethylene oxide chain length. Further, some unethoxylated alcohol, such as

25 those used in the manufacture of the porogen, may factor into the weight percent of EO
in the mixture. It is believed that lower weight percents of EO in the porogen may
produce materials and films that have higher E,' values. While not intending to be bound
by theory, it is believed that the EO within the porogen forms microporous “fingers” within
the silicate walls. These microporous “fingers” undermine the mechanical properties of

30 the film. Consequently, shorter chained or compositions without a weight percent of EO
generally do not extend to the silicate walls. The controlled weight percent EO porogens
of the present invention are traditionally used as defoamer agents within a composition.
In this connection, the porogen has a HLB value, which is the measure of the
hydrophobic-lipophobic ratio within the surfactant that ranges from 1 to 25, preferably
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[0068] In certain preferred embodiments of the present invention, it preferable that the
film-forming mixture has a certain acidity level expressed by the pAcid value. The pAcid

5 value provides an estimate of the acidity of the mixture and can be calculated from the
amounts of strong acid and strong base in the mixture. For these purposes, a strong
acid is defined as having a pK, of less than 2, and a strong base is defined as having a
pK, of its conjugate acid of greater than 12. Examples of strong acids include HNO;,
HCI, both acidic protons of H,SO,, the stronger acidic proton of maleic acid, the stronger
10  acidic proton of oxalic acid, etc. Examples of strong bases include NaOH, KOH,

tetramethylammonium hydroxide (TMAH), etc. When the number of equivalents of
strong acid is greater than the number of equivalents of strong base, then the pAcid
value of the mixture can be calculated using the foliowing equation (5):

15 pAcid = -log[(equivalents of strong acid — equivalents of strong base)/(kg total mixture)]

When the number of equivalents of strong acid is less than the number of equivalents of
strong base, then the pAcid value of the mixture can be calculated using the following
equation (6):
20
pAcid = 14 + log[(equivalents of strong base ~ equivalents of strong acid)/(kg total
mixture))
When the number of equivalents of strong acid equals the number of equivalents of
25  strong base, then

pAcid =7

[0069] A film-forming mixture with a relatively low acidity level, i.e., having a pAcid

30 value that ranges from about 2.2 to about 9, may provide materials with a higher
normalized wall elastic modulus. In certain preferred embodiments, the pAcid value
ranges from about 3.8 t0 8. In certain preferred embodiments, the pAcid value may be
adjusted to this range by adding a strong acid catalyst, i.e., having a pK, of less than 2,
to the mixture. Although the pAcid value is intended to be an estimate of the pH of the

35  mixture, pAcid values for compositions containing weak acids such as acetic acid, either
added to the mixture or generated in situ by hydrolysis of the silica source, may be a
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excess of the equivalents of strong acid minus the equivalents of strong base.

Nevertheless, even for these systems, the pAcid value of the mixture can be used as an

indicator of the normalized wall elastic modulus of the resulting film.

5 [0070] Itis preferred that the mixture has a metal content below 1 ppm. To ensure that
the mixture has a metal content below 1 ppm, it is preferred that each chemical reagent
has a metal content below 1 ppm. While commercially available unpurified surfactants
could be used, the final films may have impurity levels far in excess of acceptable levels,
and thus the surfactant should be purified. These unpurified surfactants may commonly

10  possess alkali ion concentrations in the range from about 100 to 1000 parts per million.
Some solvents may also have metal impurity levels far in excess of acceptable levels.
The goal of chemical reagent purification is to reduce alkali ion impurity levels to less
than 50 parts per billion. Acceptable concentrations of alkali ion impurities within the film
material are less than 10 parts per billion for each alkali element.

15 [0071] Chemical reagent purification can be performed using common procedures,
such as distillation, employment of ion exchange columns, etc. In preferred
embodiments, chemical reagents with boiling points greater than about 160°C, such as
surfactants and high boiling point solvents, are purified using ion exchange columns in
which alkali ions can be retained and hydrogen ions released in their place. The

20 purification process can be conducted wherein the at least chemical reagent to be
purified, either neat or dissolved within solvent to provide a solution, is contacted with at
least one ion exchange compound. In certain embodiments of the present invention, the
at least one chemical reagent to be purified is contacted with at least one ion exchange
compound. The ion exchange compound is preferably a compound that exhibits the

25 following characteristics: has an affinity for alkali ions or the ions to be removed from the
chemical reagent and has a reasonable ion exchange capacity. Examples of suitable ion
exchange compounds include strong acid cation exchange resins that have sulfonic acid
groups (-SO'3H") attached to an insoluble polymeric matrix; strong base anion exchange
resins having quaternary ammonium groups, -NR;OH" wherein R is usually CHg; weak

30 base anion exchange resins that may have primary, secondary, or tertiary amines as the
functional group; chromatographic resins; and mixed bed resins. Examples of strong
acid cation exchange resins include Amberlite IR-120, Amberlyst A-15, Dowex HCR-S,
lonac C-249, and Purolite C-100 resins. In other embodiments of the present invention,
the at least one chemical reagent is dissolved in the solvent. The solvent preferably
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~0000000p, 00Q6AOD DRCENEPTRI (SRGERDENANAI A A tvely low boiling point (| e., less than about
160°C). The solution may be then be passed through at least one ion exchange column
containing at least one ion exchange compound or the at least one ion exchange
5 compound may be added to the solution. In yet another embodiment, the at least one
chemical reagent is dissolved in the solvent that is used within the mixture. in these
embodiments, the degree of handling of the purified chemical reagent may be reduced.
Further, the step of the removing the ion exchange resin from the mixture or solution
comprising the purified chemical reagent may be avoided. In other embodiments, the
10  solvent is removed from the solution to provide at least one purified chemical reagent.
Preferably, the removing step comprises rotovapping the effiuent. Preferably, the
removing step is conducted under vacuum pressure and at a temperature that is within

about 20°C of the boiling point of the solvent.

[0072] In addition to the aforementioned ingredients, the film-forming mixture may

15 further comprise an ionic additive. lonic additives can be added to mixture, for example,
if the metal impurity content is about 500 ppm or less. Generally, the ionic additive is a
compound chosen from a group of cationic additives of the general composition
[(NR,)"],A™, where R can be a hydrogen atom or a monovalent organic group containing
1 to 24 carbon atoms, or mixtures of hydrogen atoms and/or monovalent organic groups,

20 including tetramethylammonium and cetyltrimethylammonium, and A™ is an anion where
n is the valence of the anion. Preferably, A™ may be chosen from the group consisting of
formate, nitrate, oxalate, acetate, phosphate, carbonate, and hydroxide and
combinations thereof. Tetramethylammonium salts, or more generally
tetraalkylammonium salts, or tetraorganoammonium salts or organoamines in acidic

25 media are added to surfactant templated porous oxide precursor formulations to increase
the ionic content, replacing alkali ion impurities (sodium and potassium) removed during
porogen purification. The amount of the ionic additive that is added to the mixture
ranges from 0.1 to 5000 ppm, preferably from 0.1 to 1000 ppm, and more preferably
from 0.1 to 250 ppm. In certain preferred embodiments, the ionic additive may be a

30 strong base, i.e., have a pK, of its conjugate acid that is greater than 12, and can be
used to maintain the pAcid value of the mixture at a range of from 2.2 to 9.

[0073] Alternatively, the ionic additive may be an amine or an amine oxide additive
which forms an ionic ammonium type salt in the acidic precursor mixture. The suitable
amine additive is selected from the group consisting of: triethylenediamine (TEDA);
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bis(p-aminocyclohexyl)methane (PACM); quinuclidine (QUIN); 3-Quinuclidinol;
trimethylamine (TMA); tetramethylethylendiamine, (TMEDA); tetramethyl-1,3-
propanediamine (TMPDA); trimethylamine oxide (TMAOQ); PC-9, N,N,N-tris(N',N’-

5  dimethyl-3-aminopropyl)amine; PC-77, 3,3'-bis(dimethylamino)-N-methyldipropylamine;
CB, choline hydroxide; DMAP, 4-dimethylaminopyridine; DPA, diphenylamine; or TEPA,

tetraethylenepentamine.

[0074] In embodiments where the film is formed through a spin-on approach, the
mixture comprises, inter alia, at least one silica source, a porogen, a catalyst, an ionic

10 additive, and water. In certain preferred embodiments, the mixture further comprises a
solvent and a surfactant. In brief, dispensing the mixture onto a substrate and
evaporating the solvent and water can form the films. The surfactant and remaining
solvent and water are generally removed by curing the coated substrate to one or more
temperatures and for a time sufficient to produce the low dielectric film.

15 [0075] The mixture may be deposited onto the substrate to form the coated substrate.
The term substrate, as used herein, is any suitable composition that is formed before the
dielectric film of the present invention is applied to and/or formed on that composition.
Suitable substrates that may be used in conjunction with the present invention include,
but are not limited to, semiconductor materials such as gallium arsenide (“GaAs”),

20 silicon, and compositions containing silicon such as crystalline silicon, polysilicon,
amorphous silicon, epitaxial silicon, silicon dioxide (“SiO;"), and mixtures thereof. The
mixture may be applied onto the substrate via a variety of methods including, but not
limited to, dipping, rolling, brushing, spraying, or spin coating. The coated substrate may
then be pre-heated to substantially complete the hydrolysis of the silica source, continue

25  the crosslinking process, and drive off any remaining solvent, if present, from the film.

In other embodiments such as CVD based methods, the mixture may be vaporized
and/or form particulates that coat the substrate,

[0076] The coated substrate is then further heated or cured to form the dielectric film.
Specific temperature and time durations will vary depending upon the ingredients within
30 the mixture, the substrate, and the desired pore volume. in certain embodiments, the
cure step is conducted at two or more temperatures rather than a controlled ramp or
soak. The first temperature, typically below 300°C, may be to remove the water and/or
solvent from the mixture and to further cross-linking reactions. The second temperature
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[00108] In the follow ng exanples 9 through 11, an initial solution,
solution A containing the hydrophilic silica source (TAS), water, and one
or nore solvents was prepared and 5 agitated for about 1 hour to initiate
hydrol ysis and di ssolve the silica source. The anmount and identity of each
reagent added to the sol ut| on are provided in Table I1Vb. The initial

was. aged tHO0E) ufieeGRa AR eamylives ekt 1KY iV senage oBRietoo)

Next, sol utiffim &mmrdmﬁ{jmecm mobunted onme}ncaiurrmm shwwm@lnvanmnmge adlo
sources, water nitric acl SOl u unt an
identity of t@%‘@ﬁ'ﬁ“@ﬁ@@ﬁ?s'%&%@@m@% h Mand aﬁﬁﬁ?f:ﬁa\é "T"f? z%’luﬁtsl Vb.
Sol ution B vwgs BWéne g@CN fvonnd%n?anah m&@ﬁe@%mﬁ&d 6.95 mﬂetnéehtren@

Af t er war ds, addltlon ents were added to solution in the | owi ng

order: péroddmanmie §@nf@§bIMp e (REM) manufagtuses M S Sa/ﬁtfmsfféorpeﬁaﬂ@n &‘ﬁiﬂlatnl ve
TMAH to pr OVAé?U‘?‘IPWXééfR@wcrmﬁﬁoﬂa b 9§m§ h’% cfo‘ﬁﬂﬂ?dﬂ%%ﬂﬁﬁéé% rﬁé‘a%ﬂré?t@ﬁﬂ‘@ém"? 15

mxture is agitated for a oxmaeé mnutes to ensure
m xture was Methoddasesiped i relesance; lg’efrﬁk@u ‘A0 fRRyovastachiique fpoPetermining

hours at roqm, Hﬁ%@&?}rﬁﬂéﬁncﬂ%&lﬂu erﬁgLé‘a&% biflac éﬁtr e%gina%dén%oﬁo' ution
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di spensed orE’@eameﬁtG",rbg/l%Qﬂﬁl'ﬁﬁW@Cﬂ V982,71 16b PPsiS » ngorpgrated Rerein bys00
rpm for 4 %@?&%869 its aﬁ@ag/ Wﬁ‘m%lp gaubﬁéd ®bs ewdﬁﬁfpob@&ommeeﬁnnw dduRiy

accel erat ed to 18 r seconds to evaporate the solvents and dry
the film THégral RAd mﬁrﬁﬁ@lta@nswﬁjn {eDORSH was:%almg bymerans Of ALAUeRGY- heat ed
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seconds in alr nltrogen atnosphere’to renove t

was cool ed Ut@CMhénaihe exeitationampitude wasigenisoliog sueh té'@tgne restlding i | m are
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df (0) e wel g
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i nvention hgds %értg@e ﬁ%ih? et a%ué)gﬁnwt éé’%g%@%%&ék@pﬁeg Ius
exanpl eS0t h@ﬂé\@f (at aboummsom)aﬂ'pareérms efsheymedulus Rne thei hardness of thetfﬂiataf e

vari ous cha can be made therein w thout departing
fromthe splré(fil §Ctg§ é%%ggkt g‘?)tedc??%io 64 CLAIM5S 1. A mxture of an at

| east one chgoag) a'THeQ?Wﬁg {aere Wéﬁlé‘l‘cdr&ﬂdé m%f)a&aﬁ\ﬁﬁs {hat Sfel Rkd ftheNg @
di el ectric constant l'ess) the m xture conprising: 5 an at

| east one sﬁ@@&'%(ﬁﬁ‘ﬂd@ouﬁ'ﬁp%!hqQﬂi’ﬁ@at@ﬁe porogen; a carboxyl ate sel ected
fromthe group consisting of a carboxylic acid, a carboxylate anion, a
carboxylic acid ester, or combinations thereof; and an ionic additive; 10
provided that if the at |east one cheni cadq reagent has a metal inpurity
level of 1 ppmor greater then the at Ieast one chem cal reagent is
purified prior to adding to the m xture. 2. The m xture of claim1 wherein
the at | east one porogen conprises fromabout 5 weight percent to about 75
wei ght percent ethyl ene oxide groups. 15 3. The mixture of claim 2 wherein
the at |east one porogen conprises fromabout 5 weight percent to about 55
wei ght percent ethyl ene oxide groups. 4 The mxture of cI a| m 1 V\,herel n the
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23. ‘The m xture of claim 22 wherein the at |east one silica source
conprises 5 at |east one carboxylic acid ester bonded to a Si atom 24. The
m xture of claim 21 wherein the at | east one chem cal reagent has a netal
impurity level below 1 ppm 25. The m xture of claim24 further conprising
an ionic additive. 26. A mxture of an at |east one chem cal reagent for

produci ng a rf L&l kNg a dielectric constant of about
3.7 or less, :I.gﬁggrh %’@@%&@ﬁ#ﬂ@@ém | east one silica source; an at

| east one poAcpmmymher ei n t Keerwric/Name one porogen conprises about 75

wei ght per ceBilicarsdurees of et hyl ene oxi de groups; and 15 an ionic additive;
provi ded t haTABf the at | eashetramestoxysiddneal reagent has a netal inpurity

| evel of 1 pPEO& greater t etragthoxysilaneeast one chenical reagent is
purified pri MTES addi ng t o Métbyltriethoxysilan@7. A nmi xture of an at |east one
cheni cal realydkS f or produciMeihyriacetexysilanenrance materi al having a

di el ectric cpolgiTH®S of aboutPdlydietboxysixanet he m xture conprising: an at

| east one silica source; and an at | east one porogen wherein the at | east
one porogen Solyentses from about 5 to about 75 wei ght percent of ethylene
oxi de groupsPBEMPA ovi ded t haropyienshglycat mettwketheraeetadteni cal reagent has a
nmetal inpuriPEAREvVel of 1 pmmopdengrgiiobpropyietherhe at | east one chemi cal
reagent i s p&eAfied prior t@-ettgoxygthylacetate m xture. 28. A process for

form ng a peDMF mance fil m DRimethylferndinédeectri c constant of 3.7 or less, the
process conpiRAsing: -68 preeprodamay a m xture of an at | east one chem cal
reagent conprising an at |east one silica source, an at |east one porogen,
and about 508ase$m or | ess of an ionic additive; depositing the m xture
onto a substiTMAH to form a dJderamethylamsnonivme;hydiodids curi ng t he coated
substrate to one or nore tenperatures and for a tinme sufficient to form

sai d pertornBodacfantsy provided that if the at | east one chem cal reagent
has a netal Xipérity |evel diritdn %y dectyphenolethadiiate)t he step of puri fying
the at | east X402 cheni cal r daitpnX-108 (eotypheoolethqxyiata) t o addi ng the at | east
one chem cal X48agent t o t he Tiitort X486 .(odtgphenol ethexylatelcess of cl ai m 28 wherein
the purifyi n¥38tep conpri sedritamX-36t(dctgphenel edhoxytadalt one chemi cal reagent
with an at | ¥a8t one i on exdhmidong¥-16dogiyphedol e8BoxylEta) pr ocess of cl aim 29
wherein the k101 east one chdliroaic L18hEGPQ-EOHbineK cotpolymsgn) an at | east one
i on exchangel3bl um conpri siRikgonibé3a(EORBECHdIdckcoepaiymatye conpound. 15
31. The procé§S-Bf cl ai m 28 Tehgitokl mrStohisepandafyaleahos ethpxylatepr i ses:

di ssolving the at | east one chem cal reagent in a solvent to provide a

sol ution; passing the solution through an at |east one ion exchange col um
conpri si ng aRURIFICAT$ON@feREAGENNSange conpound to provide an effluent;
and 20 renoving the solvent fromthe effluent to provide at |east one
purified chefd098] ThagzgentsiBded Thiefolwergsexaimpidsawere aibalykax wa HCPAMS usingai ng

ahor i n the: FRRSAREtRl P HetGakalie/TRbernndy cHBG IV ss bty

t enper at ur e {IGRIM8) manufdcturad byl FinRigen of Btemeenh Giekrmany, pdonto adfiitioméo thel vent .

_ ; . ¢ Ll . . ,
of 3 7 or  oleacliin abuRer s e REEIA BRI Roite i K Almibal B0 b Gkt 21
one chem cal pplzadlereageninpas purifigd. Bépending upondistcoompesition,ireagentanvere; puaified - 69

about 5 to alB o BeURE R bn e ia ROy PR SRR ok B Ehish il

i f the atO| esgumosin whichimetd! ionsage ratained indhereolamniampunydiogeh enslarefeldasedm or

Conduct ed pr s HES, Ao pralidd e Geflentaf A 1or A VR Bt afERAFRRoRRSY
deposi ti ng t aereteivedoeaterttbe purification prosessadescribadzhereiat ed substrate; and

curing the coated substrate to one or nore tenperatures and for a tine
suf fici ent t[008d]} nTbechemicalfreagant parification préseduréiwap condistedin the tilowidg

wherein the . ; L [, QRI il

per f or mance ?;:ﬁﬁnéﬂ (?} ér%%ﬁ |B§<§ft|cﬁ{e)é%?%§§e§%%du§ﬁgﬁ#%ﬁﬂ@gﬁlﬁ%lFg’g%? g%ﬁ'd‘ﬁ%? or
devi ce ctimpr tindedgvitrhidigheréssurediquid dhromatography{“HiPEC) B8de water indtssaiginad
formng a performance filmhaving a dielectric constant of 3.7 or less, the
process conprising: 15 providing a m xture of an at | east one chem cal
reagent conprising: an at |east one silicgzsource; an at | east one porogen;
and a strong acid catalyst in an anopunt sufficient to adjust a pAcid val ue
of the mxture to a range of fromabout 2.2 to about 9; 20 depositing the
m xture onto a substrate to forma coated substrate; and curing the coated
substrate to one or nore tenperatures and for a tinme sufficient to form
said performance film 39. The process of claim 38 wherein the at | east one
chem cal reagent has a netal inpurity level below 1 ppm 25 40. The process
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adding water to the second solution to provide a third solution; adding the
strong acid catalyst to the third solution wherein the strong acid 25
catalyst is dissolved in water prior to adding to forma fourth sol ution;
adding the ionic additive to the fourth solution to formthe m xture
wherein the ionic additive conprises a strong base and is dissolved in
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aﬁo&i&%o@méﬁtdeﬁcéﬂ%“bé’&ldmer 3\6f pondid0\9. Pat\AgpCAROIBEES " Z&S$
ocﬁ(et 2001-030 - SMX 3122 entitled “Apparatus and Methods for Forming Films on

Substrates”. The orbital movement device was operated to move the wafer at a speed of

about 2200 rpm along an orbital path having a major axis of about 4.5 mm and a minor

'(’D'J’

"‘i:

axis of about 2.25 mm.

[0097] While the wafer was moving along its orbital path, the deposition device was
operated to serially dispense subsequent samples of liquid on the wafer in a generally
square pattern (e.g., @ matrix of five rows of five samples each), with the center-to-center
spacing between adjacent samples being about 17.5 mm. The volume of each liquid
sample was in the range of about 2-5 microliters. Dispensing of the liquid samples on
the wafer occurred over a period of about 12 minutes, and the substrate was moved on
its orbital path for a total duration of about 15 minutes (e.g., about 3 minutes longer than
the time at which the last liquid sample is deposited on the substrate), after which orbital
movement of the substrate was stopped. Orbital movement of the wafer subjected the
liquid samples to a non-contact spreading force to facilitate spreading of the liquid
samples on the wafer surface to form films thereon. The array of films were heated on a
hot plate at 90°C for 90 seconds, 180°C for 90 seconds, and 400°C for 180 seconds in
an air or nitrogen atmosphere, thereby forming optically transparent thin films. The films
produced through this process could then characterized directly to determine the
refractive index, dielectric constant, modulus, hardness, and normalized wall elastic
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polyoxyethylene-based porogen, solvent, and catalyst in the mixture were varied. These
variations are provided in Table VI. The mixtures had either one porogen or a mixture of

15 porogens. The properties of each film are provided in Table VIi and illustrated in FIGs.
1a and 1b. FIGs. 1a and 1b show the effect of weight percent EO for single porogens
and mixtures of porogens, respectively, on the normalized wall efastic modulus on the
materials of the present invention.

[0089] As Figures 1a and 1b illustrate, polyoxyethylene-based porogens that have

20 lower weight percent of ethylene oxide may provide materials with a higher normalized
wall elastic modulus. The molecular weight and weight percent EO for the porogen in
tables VI and VIl are as follows: Pluronic L101, 3800 g/mol molecular weight and 10 wt.
% EO; Pluronic L31, 1100 g/mol molecular weight and 10 wt. % EQ; Triton X102, 778
g/mol molecular weight and 72.7 wt. % EO; Triton X15, 250 g/mol molecular weight and

25 17.6 wt. % EO; Triton X35, 338 g/mol molecular weight and 39 wt. % EQ; and Triton
X45, 426 g/mol molecular weight and 51.6 wt. % EO.

[00100] FIG. 1a illustrates that for compositions having only one surfactant as a
porogen, the lower weight percentage of ethoxylation leads to higher normalized wall
elastic modulus values. Linear regression analysis using the “least squares” method to
30 fit a line through the data provides a R square value of 0.79 and a Significance F of value
of 4.0x10%, Although the R square value of 0.79 indicates that the effect of the weight
percent EQ explains only 79% of the variance of the data, the value of 4.0x10°® for the
Significance F indicates that the trend in E;’ with weight percent EQ in the porogen is

-37-



109%Z8"
109«8"
109%8"
10%Z8"
10%Z8"
109«8"
109%8"
10%Z8"
10%Z8"
109«8"
109%8"
10%Z8"
10%Z8"
109«8"
109%8"
10%Z8"
10%Z8"
109«8"
109%8"
10%Z8"
10%Z8"
109«8"
109%8"
10%Z8"
10%Z8"
109«8"
109%8"

NNNNNNNNNNNNNNNNNNNNNNNNNNN
R0 R0 R0 R0 R0 R0 R0 Ro Ro R0 Ro Ro Ro R0 R0 R0 R0 R0 R0 R0 Ro Ro Ro Ro Ro R Lo
v Yo o Yo Y Y V-V e Vo Vo Vo Ve VN T Lo T T Vo Ve Vo Yo Vo Ve VO Lo Yo P |

20

25

30

- UWMWWWOSTS$ 109Z8" Z& ()--$ 100Z8"Z& ()--$ 10%&Z8"Z& ()--$
S-$ 100@8" Z& ()--($ 109Z8"Z& ()--($ 100&8" Z& ()--V\/\/VV\NnN27$
-($ 109%Z8"Z& ()--$ 10%Z8"Z& ()---$ 10%Z8"Z& ()--$
--5WBbWVWWI\/Il7$ 10928" Z& () ---5W Bb$ 109@8"Z& ()--$

-8$ 100Z8"Z& ()--$ 10%&Z8" Z& () -- VW VAVEVEVPPTS

--5$ 109Z8"Z& ()--$ 109Z8"Z& ()--$ 109Z8"Z& ()--$

i‘#@%@%”% )Ref%ﬂ%gﬁﬁzib %%r co@ggg%\%gm j Vﬁ%@?@oﬂ&(@gens,

histhe\R wwwamwmz&%snovmmnﬂom FKE: 1@) theyaluewr 81678 () -- $

e
vm«wvmmwdwlecm @nitamrfp@qoceim Mmrz@d(gmpelmes
-$ 109%8"Z& ()--$ 109%Z8"Z& ()--$
-1 VIVKVLVMWNVOWZ>7$ $ 109@8" Z& () -- $ 100/<28 z& ()--
%Ff%aorzge CTION O SHOROOBRBGAGE |

REOX N BREREra S @Aﬁbg%ﬂgm%@% iﬂw
_fL 'S78 ()--$ 109Z8" Z& () - - f VhVj VI VnVoVr VcC7$ 109Z8" Z$
%m&aﬁ&!e(f)lms Were P& faradin(the s&néﬁ\%ﬁﬂerb& the gertbrdl PoORSE for () - -

" SR Y Yot Ropde B 8 éﬁ&eﬁﬁ%%é%@éﬁ%tﬁzb%

BodtaHER cﬁ&bo@(}'late$| 6l JR488' catbaxylic- &ty &iterdboh B8 D L S( gtompas a

@W&QJ@ epetag s, the Rl g Labd iealerk B0ty ot §°

- - PAMI@BMREtitr-weds SYSaderisn (Tpble Ja IQMIEESbaged-coppositions and
?%lngg $Esed &%@tn&&@%%)es ‘Word 8iFénsét dgitafed®and

heated as in the general procedure to prepare array elements to fiims. The properties of
each film are provided in Tables lila and llib for MTES-based compositions and MTAS-
based compositions, respectively.

[00102] FIG. 2 provides a plot of elastic modulus vs. dielectric constant for materials of
the present invention having a normalized wall elastic modulus greater than 16 GPa and
using MTAS as the hydrophobic silica source compared to materials having a normalized
wall elastic modulus less than 16 GPa and using MTES as the hydrophobic silica source
wherein ethoxylated octylphenols is used in both materials as the porogens. As FIG. 2
illustrates, the use of MTAS as the hydrophobic source that has an acetoxy ligand rather
than MTES that has an ethoxy ligand with ethoxylated octyiphenols as the porogen may
provide materials with a higher normalized wall elastic modulus. Compositions that
contained MTAS rather than MTES exhibited a normalized wall elastic modulus of 16
GPa or greater. Further, MTAS-containing compositions having a pAcid greater than 3.8
exhibited a normalized wall elastic modulus of 16 or greater. A higher normalized wall
elastic modulus indicates an improved low dielectric constant film.
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122851 1 1 2 | 1.2246 7641 2.56 0.34 2.37 11.8
1228511 1 | 3 | 1.2095 7058 2.68 0.36 2,39 119
122851| 1] 4] 1.2233 7648 2.90 0.41 2.32 14.3
1228511 1 [ 5 | 1.2188 8022 2.98 048 2.47 12.0
1228511 2 | 1 | 1.2299 7918 2.98 0.50 2.36 13.8
122851 2 [ 2 | 1.2371 8039 3.07 0.53 244 12.9
122851f 2 [ 3 | 1.2205 7132 3.14 0.51 2.46 12.9
122851] 2 | 5 | 1.2352 7233 2.98 0.46 2.42 12.8
122851] 3 | 4 | 1.2196 7462 2.77 0.47 2.38 12.6
122851| 3 | 5 | 1.2167 8250 2.69 0.45 2.38 12.2
1228511 4 [ 1| 1.2294 8775 2.46 0.41 2.32 12.0
122851 4 | 2 | 1.2217 8856 2.50 0.42 2.33 12.1
122851| 4 | 3 | 1.2154 8120 2.54 0.43 2.30 12.9
122851 4 { 4 | 1.2083 8461 2.53 0.45 2.25 13.9
1228511 4 | 5| 1.2076 8226 2.39 0.40 2.26 12.8
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& ()-8&06 10% & () - &0&A0&C SX] bgl H+6 10% 6 10% & ()6 10% & () - &06 10%

& ()-806 10% & ()-8&06 10% & ()-8&06 10% & () - &0l nt vxbBH+6 10% 6 10% & () - &06
10% & () - &06 10% & () - &06 10% & () - &0&A0&C H+6 10% 6 10% & ()6 10%

& ()-806 10% & ()-&06 10% & ()-&06 10% & ()-&06 10% & () - &ObBH+6 10% 6 10%
& ()-806 10% & ()-8&06 10% & ()-8&06 10% & () - &0&A0&C H+6 10% 6 10% & ()6

08 ) B L A AT

{12 100 Gyl st 2 100 (1208 100 ) dntns

10% & ()6 L0% &] ()|- &P6 10% & ()]&06 10% & () - &06 10% & () -&06 10%
& () - &0$&(| bBH+6 1094 6 10% & ()}&06 0% & {)-&06 10% & ()} &06 1§0%
& () - &0&AoRGigt PRAIE 16201 (%4603 D MTES () BGPE (iiofs L40T TEDS RTIMAHE0EACE 46
o ¢) 500 1HaeR0 a;%gﬁaeao 21 ciithd e ookl SOF
& joator i 110 ob230 15620521l dheep] ~ o:adith. o Idbabot[t/ddboal 3 3510
()-&06 1 o T %0 R = Bh7l°R 6110% 6
10% & () - d%4I842e P8I0 -3-%’9@53%07( g3 Kb .g?’as :f’f;@%-aé—w%
& ()6 119410 212 063736 0.00099]0.d244710.30445] _ 0.00115__|0.03142(0.00017] 1,88
119410] 3 | 1 |0.66471]0.00094]0.03231]0.27297] 0.00121 |0.02767]0.00018] 1.90
119410] 3 | 2 |0.66824]0.00094]0.02565/0.27085]  0.00120  10.03294]0.00018{ 1.90
119410] 3 | 3 [0.66325]0.00094{0.03391]0.28133]  0.00106 _ 10.01936]0.00015| 1.88
119410] 3 | 4 |0.66678]0.00093[0.02803]0.27905]  0.00105 10.02400]0.00015| 1.88
119410] 3 | 5 |0.67020]0.00093]0.02225|0.27685|  0.00104 |0.02857|0.00015| 1.88
119410] 4 | 1 |0.59037]0.00091{0.04132|0.34282]  0.00097 _|0.02358)|0.00002| 1.88
119410] 4 | 2 |0.59768]0.00091[0.02717]0.33805) 0.00127 ]0.03489]0.00003[ 1.88
119410] 4 | 4 |0.59416]0.00091[0.03420/0.34047] 0.00096  |0.02928]0.00002( 1.88
119410] 5 | 2 |0.67049]0.00089/0.02225/0.27690] 0.00078  |0.02857]0.00011f 1.87
119410} 5 | 3 |0.69287]0.00089]0.03542]0.24934]  0.00111__|0.02022|0.00016{ 1.89
119410] 5 | 4 |0.69627]0.00088/0.02027]0.24725]  0.00110 _ |0.02506(0.00016] 1.89
119410] 5 | 5 |0.69961]0.00088[0.02322| 0.24522]  0.00109 |0.02982|0.00016| 1.89
119411} 1| 1 |0.69889]0.00229/0.02318]0.24476] _ 0.00109 _ |0.029770.00002| 1.39
119411] 1 | 4 |0.58998]0.00104]0.04134]0.34294|  0.00097 _ ]0.02360(0.00014| 1.88
119411] 1 | 5 ]0.59380]0.00103[0.03421]0.34057] 0.00096  10.02929(0.00014] 1.88
119411] 2 | 1 |0.62237]0.00098[0.04361]0.30698]  0.00102  |0.02489]0.00015| 1.89
119411] 2 | 2 |0.62616]0.00097[0.03608]0.30474] 0.00102  |0.03089]0.00015| 1.89
119411] 2 [ 5 |0.63403]0.00096|0.03082]0.30681]  0.00087 _ [0.02639[0.00013] 1.87
119411] 3 | 3 ]0.59015(0.00092|0.04131]0.34273]  0.00129  [0.02358[0.00003| 1.88
119411] 4 | 2 |0.66143]0.00091/0.03910]0.27520{  0.00092  0.02232]0.00013]| 1.89
119411] 4 [ 4 |0.66355]0.00090{0.03392]0.28136|  0.00080  |0.01936]0.00012| 1.87
119411] 4 | 5 |0.66503]0.00090]0.03232[0.27303]  0.00091  {0.02767[0.00013| 1.89
119411] 5 | 3 ]0.63050]0.00086]0.03724]0.30896| 0.00116 _ |0.02126[0.00002| 1.88
119412] 1 | 1 ]0.59755]0.00103]0.02718]0.33824|  0.00096  {0.03491[0.00014] 1.88
119412] 1 [ 2 [0.63009]0.001000.03725]0.30906|  0.00117__ {0.02126{0.00017] 1.88
119412] 1 [ 4 |0.63071[0.00085]0.03725{0.30903]  0.00087 _ [0.02126|0.00002] 1.87
119412] 2 | 1 |0.63764]0.00095|0.02447[0.30452]  0.00086  [0.03143/0.00013| 1.87
119412] 2 | 2 |0.66110[0.00095]0.03909[0.27515] _ 0.00122 {0.02231]0.00018| 1.90
119412] 2 | 3 |0.62630[0.00085]0.03606(0.30455| _ 0.00135  |0.030870.00003| 1.90
119412] 2 | 4 |0.63776[0.00085]0.02446(0.30435|  0.00115__ [0.031410.00002| 1.88
119412] 3 | 1 ]0.59384[0.00092|0.03419[0.34037] 0.00128 [0.02927]0.00003| 1.88
119412] 3 | 3 10.69657[0.00084]0.02928/0.24730]  0.00082  |0.025070.00012| 1.88
119412] 3 | 5 [0.63023/0.00084|0.02865[0.30247|  0.00101__ |0.03679]0.00002| 1.89
119412] 4 | 2 [0.66703|0.00090]0.02804/0.27913]  0.00079 _ |0.02400]0.00012| 1.87
119412] 4 | 4 [0.66382]0.00080]0.03391[0.28131]  0.00080 _ |0.01935]0.00002{ 1.87
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10% & ()-&06 10% & () - &06 10% & () - &06 10% & () - &06 10% & () - &ObBH+6 10% 6
10% & ()-&06 10% & ()-&06 10% & ()- &06 10% & () - &Q0&ACKC H+6 10% 6 10%

& ()6 10% & ()-8&06 10% & ()-8&06 10% & ()-&06 10% & ()-&06 10% & () - &ObBH+6
10% 6 10% & ()-&06 10% & ()-&06 10% & ()- &06 10% & () - &0&AC&C _H+6 10% 6
10% & ()6 10% & ()-&06 10% & () - &06 10% & () - &06 10% & () - &06 10%
& ()-&0bBH+6 10% 6 10% & () - &06 10% & ()-8&06 10% & ()-&06 10% & () - &0&A0&C

$ H+6 10% % & ()6 10% K () %R ()-206 100 & ()-L0G6 1004 &' () - 806

10% & () - §0$% . psBHk6 10% 6 10%&'()-&06 0% & ()-&06 10p6 & ()|- &06 10%

& () - &0&AJ&C 8=BGIQ H+6 10% 6 1p% & (|) 6 10EA) & ()-8&06 10% 06 10%

& ()-&06 0B | R{&06 HeQ6 SINO3- RICEY| 7&

& ()-&06 Iligveado [ ) 15 fe.6¥656)] 008080 Fe. 27471 X / 688090

& ()- 806 17¥as [ 5 150f 6bbBA| Eodobs [iHAasd| Baderh | - B13¢) 7] Sodabr [ebooBE Hitbo 10 % 6

1w () 8 2 Jo-e3% > | 4 B00RE] 396850 X oloby 7605408837 o dooda] 701 ae TP %0

10f(V3 6 10%(; HERFINS 4i Z&%‘?\@ T A .Szig:og‘;g 000078, 19023 g?gdg #@D&B?G

10% & ()6 L5181 2] 5e0e6155,0.00080| 001 Sy ooniad’ 100225010 4ju0ay o 190
& () - &0bBH128413hA 4 11104227610.0008510,0436040.50688 |, 0.00302 (. 0498020: 189 ehgn0&C
H-6 119413] 1 | 2 [0.63435]0.000850.03081]0.30673[ _ 0.00087 _ |0.02638{0.00002[ %1:87

- 119413] 1 [ 3 [0.63001]0.000850.02864/0.30236! 0.00134 _|0.03678{0.00003] 1.90
119413] 1 [ 4 [0.69316]0.00085]0.03543]0.24939]  0.00083 _ ]0.02022(0.00012| 1.88
119413] 2 | 4 0.66364]0.00081]0.03390]0.28123|  0.00106 _ |0.01935]0.00002| 1.88
119413] 3 | 3 [0.66513]0.00079|0.032300.27268] 0.00121 _ [0.02766 /0.00003| 1.90
119413] 3 [ 5 [0.66176]0.00079]0.03908]0.27512]  0.00092 _ 0.02231]0.00002| 1.89
119413] 4 [ 3 [0.66712[0.00080]0.028030.27899] 0.00105 _ [0.02399|0.00002] 1.88
119413[ 5 | 2 [0.66863]0.00079/0.025640.27078]  0.00120 _ |0.03293]0.00003| 1.90
119415] 1 | 1 [0.66536]0.00079]0.03231/0.27295| 0.00091__|0.027670.00002| 1.89
119415] 1 | 2 [0.66198]0.00078|0.039100.27521|  0.00061 __|0.02231{0.00001| 1.88
119415] 1 | 3 [0.66887]0.00078]0.02565|0.27083|  0.00090 _ |0.03294|0.00002| 1.89
119415] 2 | 3 [0.590040.00047|0.04135)0.34306|  0.00129 _|0.02360{0.00019| 2.38
119415] 2 | 4 [0.59380]0.00047|0.03423]0.34073]  0.00128 _ 10.02930{0.00019] 2.38
119415] 2 | 5 [0.59755]0.00047/0.02719]0.33840|  0.00128  [0.03492{0.00018| 2.38
119415] 3 [ 1 [0.66145]0.00042]0.03911]0.27529] 0.00122 |0.02232|0.00018] 2.40
119415] 3 [ 2 [0.59413]0.00042]0.03423]0.34080] 0.00096 _ [0.02931]0.00014| 2.38
119415] 3 [ 3 [0.59791]0.00042]0.0272010.33844] 0.00096 _ [0.03493)0.00014| 2.38
119415] 3 | 4 {0.66506(0.00042]0.03233]0.27311] 0.00121 _ [0.02768]0.00018| 2.40
119415] 3 [ 5 [0.66857]0.00042[0.025670.27101] 0.00120 [0.03296{0.00018] 2.40
119415] 4 | 1 |0.69321[0.00039]0.035440.24946] 0.00111__ ]0.02023]0.00016| 2.39
119415| 4 | 2 [0.63439/0.00039]0.03084{0.30699| 0.00087 _|0.02640{0.00013] 2.37
119415] 4 | 3 [0.69662[0.00039]0.02929{0.24738| 0.00110 __10.025070.00016] 2.39
119415 4 | 4 |0.63803[0.00039]0.02448{0.30467| 0.00086 _ |0.03144{0.00013] 2.37
119415] 4 | 5 [0.69995]0.00039]0.02324{0.24534| 0.00109 _ 10.02984]0.00016| 2.39
119415 5 | 1 [0.66739/0.00036]0.02805(0.27928|  0.00079 _10.02402{0.00012] 2.37
119415 5 [ 3 [0.67084[0.00036]0.02226(0.27705|  0.00078 __|0.02859{0.00011 | 2.37
119417 1] 1 [0.69324]0.00075]0.03541[0.24926]  0.00111__|0.02021[0.00002| 1.89
119417[ 1 | 2 |0.69664]0.00075]0.02926(0.24718]  0.00110 _|0.02505{0.00002| 1.89
119417[ 1| 3 10.69344]0.00074]0.03542(0.24933]  0.00083 _|0.02022]0.00002| 1.88
119417[ 1 [ 4 0.69999/0.00074]0.02322[0.24513] 0.00109 _ |0.02981{0.00002| 1.89
119417[ 1 [ 5 |0.69684]0.00074]0.02927]0.24725]  0.00082 _|0.02506{0.00002| 1.88
119417] 2 | 1 [0.62243]0.00046]0.04362{0.30703]  0.00136 _|0.02489[0.00020] 2.40
119417| 2 [ 2 [0.62617]0.00046]0.03609|0.30483|  0.00135 _ 0.03090[0.00020| 2.40
119417] 2 | 3 [0.62986/0.00046]0.02867/0.30266]  0.00134 _|0.03681]0.00020] 2.40
119417] 2 [ 4 |0.63045[0.00043]0.03728{0.30923| 0.00117__|0.021280.00017| 2.38
119417| 2 | 5 |0.63411]0.00043{0.03083/0.30691]  0.00116 _|0.02640(0.00017]| 2.38
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10% 6 109 d 1712055 10¥as 407 500 055761 & [0.02800B0863 51T 60 T0% 6
10% & () 6 [ L 9817 [U) p&bT0e LUF0.5e87| 0 BBR51 0258 (() - &0
bBH+6 10%11 ;}%:ﬁ‘ = 4 A& 07020 [oh2u54 (o boe %
| &+05_H+6 |Ho0-a-Hp3 i %b-@ﬁgg—év 108 0 6104028014 0000154 2,08
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11941718 | 1 |0.69348]0.00035]0.03545[0.24853| ©00083 _ [0.02023]|0.00012| 2.38

119417] 5 | 3 |0.69689]0.00035]0.02929]0.24744] 0.00082  |0.02508]0.00012] 2.38

119417] 5 | 5 |0.70025]0.00035[0.02324{0.24538] _0.00082 _ [0.02985{0.00012| 2.38

119418] 1 | 1 |0.69365]0.00074[0.03543]0.24940]  0.00055  [0.02022[0.00001| 1.88

119418] 2 | 1 10.63769]0.00043}0.02448|0.30465] 0.00115  |0.03144]0.00017] 2.38

119418| 2 | 2 [0.59034/0.00042[0.04137[0.34315] _ 0.00097 _ {0.02361[0.00014] 2.38

119418] 2 | 5 [0.59449]0.00030]0.03422[0.34070] _ 0.00096  [0.02930|0.00002]| 2.38

119418] 3 | 1 [0.67056]0.00040]0.022260.27700] 0.00104 _|0.02859]0.00015{ 2.38

119418] 3 | 2 [0.63075/0.00039]0.03728/0.30930]  0.00087 _|0.02128]|0.00013] 2.37

119418] 4 | 1 [0.66892]0.00037]0.02567]0.27104]  0.00090  [0.03296]0.00013] 2.39

119418] 4 [ 2 [0.663910.00036|0.03393(0.28151]  0.00080 [0.01937]|0.00012] 2.37

119418] 4 | 4 0.63107]0.00028]0.03727(0.30921| 0.00087 _|0.02127]0.00002| 2.37

119418] 5 | 3 {0.63471[0.00028{0.03083(0.30690{ 0.00087 _ [0.02639/0.00002| 2.37

119418] 5 | 4 |0.63058/0.00028]0.02866[0.30264]  0.00101 _|0.03681]0.00002] 2.39

119419] 1 [ 2 [0.59051]0.00031]0.04133[0.34204]  0.00129 |0.02359/0.00003] 2.38

119419] 1 [ 4 [0.50427]0.00031]0.03421[0.34061] 0.00128 |0.02929|0.00003] 2.38

119419| 2 | 1 |0.62289]0.00029]0.04361]0.30694]  0.00136 _ |0.02489{0.00003} 2.40

119419 2 | 2 |0.62662]0.00029] 0.03608]0.30474]  0.00135 |0.03089/0.00003{ 2.40

119419] 2 | 3 [0.63088]0.00029]0.03726[0.30911]  0.00117 _|0.02127]0.00002| 2.38

119418] 2 [ 4 [0.63037]0.00029]0.02865(0.30253]  0.00134 |0.03680]0.00003] 2.40

119419] 2 [ 5 [0.63451]0.00029]0.03082]0.30681| 0.00116 |0.02639{0.00002| 2.38

119419] 3 [ 2 [0.62336{0.00028]0.04363[0.30713]  0.00068 |0.02490|0.00001| 2.38

119419/ 4 | 1 |0.59805]0.00031]0.02718]0.33826] 0.00128  |0.03491/0.00003| 2.38

119419] 4 | 2 [0.59070]0.00030]0.04135[0.34305] 0.00097 |0.02360]0.00002] 2.38

119419] 4 | 3 [0.63812]0.00029]0.02447]0.30453]  0.00115  |0.03142]0.00002| 2.38

119419] 5 | 1 10.62311]0.00028]0.04362/0.30705{  0.00102 _[0.02490]0.00002| 2.39

119419] 5 | 3 |0.66400/0.00027{0.03391{0.28138]  0.00106 |0.01936]0.00002] 2.38

119421] 1 [ 1 ]0.66190]0.00027]0.03909/0.27518(  0.00122  |0.02231[0.00003[ 2.40

119421] 1 | 2 0.66748]0.00027]0.02804|0.27914]  0.00105 _ |{0.02400]0.00002] 2.38

119421] 1 | 3 |0.66548]0.00027]0.03232|0.27302] 0.00121  |0.02767]0.00003| 2.40

119421] 1 [ 4 [0.67094]0.00027]0.02225/0.27690] 0.00104  [0.02858[0.00002] 2.38

1194211 1 [ 5 [0.66898]0.00027{0.02566]0.27092] 0.00120 {0.03295[0.00003] 2.40

119421] 3 | 3 [0.62254]0.00028[0.04363/0.30709]  0.00136 _ [0.02490[0.00020] 2.90

119421] 3 | 4 |0.62625]0.00028/0.03610]0.30491]  0.00135  |0.03090]0.00020] 2.90

119421] 3 | 5 |0.63000/0.00028{0.0286710.30269]  0.00134 |0.036820.00020] 2.90

119421 4 | 1 ]0.63422{0.00025[0.03084]0.30697]  0.00116 _ |0.02640]0.00017| 2.88
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Table IX EFFECT OF PACID LEVELS ON NORMALIZED WALL ELASTIC MODULUS,

Properties
elastic

refractive | thickness, [modulus, hardness, | dielectric| Eo’,
LIBID | R | C | index |Angstroms GPa GPa constant| GPa
119410} 1 1 1 | 1.2001 10631 1.57 0.24 2.12 10.5
119410{ 1 { 3| 1.1714 11429 1.35 0.19 2.09 9.6
119410] 2 { 1| 1.1618 9046 1.24 0.19 1.96 11.4
119410/ 212 ] 1.1608 9515 1.46 0.19 2.04 11.3
119410] 3 | 1| 1.1640 11338 1.38 0.23 1.84 16.5
119410] 3| 2 | 1.1643 12851 1.42 0.22 1.99 12.1
119410 3 | 3 | 1.1643 11585 1.23 0.23 1.84 15.0
119410{ 3 | 4 | 1.1612 12488 1.16 0.20 1.97 10.4
119410{ 3 | 5| 1.1561 11976 1.35 0.20 2.05 10.2
119410} 4 | 1 1.1861 9957 1.54 0.28 2.05 11.8
119410} 4 | 2 | 1.1654 10374 1.53 0.22 2.14 9.9
119410} 4 | 4 | 1.1849 8940 1.87 0.30 2.09 13.3
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119412 1 | 2 | 1.1648 9874 1.33 0.23 1.86 15.5

119412) 1 | 4 | 1.1847 9688 1.63 0.25 2.04 11.8

119412 2 | 1] 1.1858 | 8961 222 | 0.34 219 | 13.2

1194121 2 [ 2 | 1.1671 12255 1.49 0.31 1.95 14.0

119412 2 | 3| 11655 | 11207 | 1.33 | 0.23 1.96 | 122

119412] 2 | 4 | 1.1591 | 10107 | 1.46 | 0.21 204 | 11.3

119412 3 | 1 1.1693 8855 1.52 0.25 1.92 15.2

119412| 3| 3| 1.1754 11514 1.70 0.30 2.10 11.8

1194121 3| 5| 1.1866 9864 2.04 0.31 2.27 10.8

119412] 4 | 2| 1.1840 | 10584 | 1.67 | 0.29 205 | 12.9
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119412] 4 | 5| 11612 | 11041 | 146 | 0.23 206 | 109

119412] 5 | 1 1.1782 10909 1.20 0.22 1.94 11.3
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G H 1 J K L EBxhaiNpl@sH 1QrdRgB 8: Preparation of Spin-Coated Films Using TEOS or poly-TEOS as
Hydrophilic Silica Source

[00106] Spin-coated films were prepared to illustrate that the results could be obtained
5  for other manufacturing methods. in the following examples 1 through 8, a mixture of
hydrophilic and hydrophobic silica sources were added to a polypropylene bottle that
also contained one or more solvents. The amount and identity of each chemical reagent
added to the mixture are provided in Table IVa. The initial mixture was aged under

ambient conditions for 2 hours. Next, one or more porogens and water, were added to

10 the mixture that was then agitated and aged for 5 minutes. Afterwards, nitric acid was
added to the mixture to catalyze the hydrolysis of the silica sources. The mixture was
agitated and aged for 5 minutes. Lastly, an ionic additive was added to mixture. Once
all of the reagents have been added, the mixture was agitated for approximately 2-3
minutes to ensure that the mixture was homogeneous. The resulting solution was then

15  aged for 12-24 hours at room temperature prior to spin coating. After aging, the solution
was then filtered through a 0.2um Teflon filter. Each of the chemical reagents within the
mixture contained less than 1 ppm of metal impurities.

[00107] The solution was dispensed onto a low resistivity P type <100> Si wafer
spinning at 500 rpm for 7 seconds to spread the formulation across the wafer and then

20 accelerated to 1800 rpm for 35-40 seconds to evaporate the solvents and dry the film.
The film formed during the spin coating process was then heated on a hot plate at 90°C
for 90 seconds, 180°C for 90 seconds, and 400°C for 180 seconds in an air or nitrogen
atmosphere to remove the porogen. The wafer was cooled under ambient conditions.
The properties of each film are provided in Table V. Examples 1 through 8 reconfirm the

25 array resulits of the effect of the carboxylate, the weight percent EQ, and the pAcid
values of the mixture have on the normalized wall elastic modulus.
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Examples 9 through 11: Preparation of Spin-Coated Films Using TAS as Hydrophilic
Silica Source

[00108] In the following examples 9 through 11, an initial solution, solution A, containing
the hydrophilic silica source (TAS), water, and one or more solvents was prepared and
agitated for about 1 hour to initiate hydrolysis and dissolve the silica source. The amount
and identity of each reagent added to the solution are provided in Table IVb. The initial
mixture was aged under ambient conditions for 12-24 hours. After solution A was aged,
the solution was passed through a 0.2um Teflon filter.

[00109] Next, solution B was prepared containing one or more hydrophobic silica
sources, water, nitric acid, and 3.4 grams of solution A. The amount and identity of each
reagent added to the solution are provided in Table IVb. Solution B was then agitated for
2-3 minutes and aged for about 1 hour. Afterwards, additional reagents were added to
solution B in the following order: porogen dissolved in a solvent; a solvent; and the ionic
additive TMAH to provide a mixture. Once all of the reagents have been added, the
mixture is agitated for approximately 2-3 minutes to ensure that the mixture was
homogeneous. The resulting mixture was then aged for 12-24 hours at room
temperature prior to spin coating. After aging, the solution was then filtered through a
0.2um Teflon filter.

[0100] The solution was dispensed onto a low resistivity P type <100> Si wafer
spinning at 500 rpm for 7 seconds to spread the formulation across the wafer and then
accelerated to 1800 rpm for 35-40 seconds to evaporate the solvents and dry the film.
The film formed during the spin coating process was then heated on a hot plate at 90°C
for 90 seconds, 180°C for 90 seconds, and 400°C for 180 seconds in an air or nitrogen
atmosphere to remove the porogen. The wafer was cooled under ambient conditions.
The properties of each film are provided in Table V. Examples 9 through 11 reconfirm
the array results of the effect of the carboxylate, the weight percent EO, and the pAcid
values of the mixture have on the normalized wall elastic moduius.
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TABLE IVa: COMPOSITION OF SPIN COATED FILMS

Hydrophllic Hydro- Solvent (g) Porogen | Water | Nitric TMAH
Ex St Source (g) | phobic Si (9) (9) Acid 9)
) Source (g) (@)
18.6 EEA; 5.8 0.2
1 6.0 TEOS 6.0 MTES | 19.1 PGMEA | 3.2L101 5.7 02M | 24wt%
23.2 PGPE; 5.4 0.22
2 5.7 TEOS 5.7 MTES 9.3 DMF 2.9 L101 54 1 0025M | 2.4 wt%
3.93 0.33
3 8.0 TEOS 8.5 MTAS 54.5 PGPE 4.0 181 40 [0.025M | 2.4 W%
1.78 0.26
4 5.5 TEOS 7.1 MTAS 45.6 PGPE 3.2 X45 68 | 0.025M | 2.4wt%
7.0 0.54
5 6.4 TEQOS 6.4 MTES 36.0 PGPE 3.9L101 3.8 025M | 2.4 wt%
3.9 0.33
6 4.5 TEOS 8.8 MTAS 43.8 PGPE_ | 4.0L101 58 | 0025M | 2.4 wt%
21.7 EEA; 41 0.34
7 7.7 TEOS 7.7MTES | 25.7 PGMEA | 5.3L101 4.1 02M | 24 wt%
. 3.4 0.42
8 | 3.8poly-TEQS | 8.7 MTES 45.7 PGPE 5.0 L81 5.9 02M | 2.4 wi%
Table Vb
Solution A Solution B
gram |grams grams | grams |grams| Grams grams 21.9 | grams | grams
Ex|s TAS|water | solvent sol'n A| MTAS |water| 0.025M |wt% porogen in| PGPE| 1.2
HNO; PGPE wi%
TMAH
912508 | 9.3g 3.4 1.1 | 11 0.33 1.6 Triton X-{ 5.6 | 0.06
PGPE 45
10| 7.4 | 45 | 25.5g 34 1.1 | 1.1 0.33 2.0 Tergitol | 3.9 | 0.06
PGPE 15-S-5
111 9.0 | 5.0 | 16.0g 3.4 1.1 | 0.0 0.33 2.2 Tergitol | 0.0 | 0.06
IPA 15-S-6
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Table V: Properties of Spin-Coated Films

Ex. | Silicate Surfactant | Wt % EO | PAcid k E(GPa) { FOM

1 TEOS/MTES | L101 10 1.8 2.09 2.12 15.1

2 TEQS/MTES [ L101 10 2.9 2.09 2.23 15.6

3 TEQOS/MTAS | L81 10 3.9 2.09 2.01 14.0

4 | TEOS/MTAS | X—45 52. 5.9 2.34 3.2 15.1

5 TEQS/MTES | L101 10 3.4 1.92 1.46 14.5

6 TEOS/MTAS | L101 10 3.9 1.77 1.43 20.8

7 TEQS/MTES | L101 10 2.0 2.17 2.6 16.1

8 Poly- L81 10 2.1 1.86 1.3 14.7
TEQS/MTES

9 TAS/MTAS X-45 52 8.5 2.13 2.8 18.5

10 | TAS/MTAS 15-8-5 52 8.6 1.93 2.0 19.7

11 | TAS/MTAS 15-S-5 52 8.8 2.08 2.32 15.8

[0101] While the invention has been described in detail and with reference to specific
examples thereof, it will be apparent to one skilled in the art that various changes and
modifications can be made therein without departing from the spirit and scope thereof.

-64-

A~ m
—m



10

15

20

25

30

CLAIMS

1. A mixture of an at least one chemical reagent for producing a
performance material having a dielectric constant of about 3.7 or less, the mixture

comprising:

an at least one silica source;

an at least one porogen;

a carboxylate selected from the group consisting of a carboxylic acid, a
carboxylate anion, a carboxylic acid ester, or combinations thereof; and

an ionic additive;

provided that if the at least one chemical reagent has a metal impurity level of 1
ppm or greater then the at least one chemical reagent is purified prior to adding to the
mixture.

2. The mixture of claim 1 wherein the at least one porogen comprises from
about 5 weight percent to about 75 weight percent ethylene oxide groups.

3. The mixture of claim 2 wharein the at least one porogen comprises from
about 5 weight percent to about 55 weight percent ethylene oxide groups.

4, The mixture of claim 1 wherein the weight ratio of weight of porogen to the
weight of porogen and weight of SiO, ranges from 0.9 to 0.1.

5. The mixture of claim 1 wherein the at least one silica source comprises at
least one carboxylic acid ester bonded to the Si atom.

6. The mixture of claim 1 wherein the at least one silica source is selected
from the group of compounds represented by the following formulas:
i ReSi(OR')..s, wherein R is independently a
hydrogen atom, a fluorine atom, or a monovalent organic group;
R' is independently a monovalent organic group; and a is an
integer of 1 or 2;

i, Si(OR?),, where R? is independently a monovalent
organic group;

i, R%(R*0)s.+Si-(R7)-Si(OR®)3..R®,, wherein R® and R®
are independently a hydrogen atom, a fluorine atom, or a
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an at least one porogen comprising from about 5 weight
percent to about 75 weight percent ethylene oxide groups;

15 provided that if the at least one chemical reagent has a
metal impurity level of 1 ppm or greater then the at least one chemical
reagent is purified prior to adding to the mixture;

depositing the mixture onto a substrate to form a coated substrate; and

curing the coated substrate to one or more temperatures and for a time sufficient
20 to form said performance film.

8. The process of claim 7 wherein the at least one porogen comprises from
about 5 weight percent to about 55 weight percent ethylene oxide groups.

9. The process of claim 7 wherein the temperature of the curing step is
450°C or less.

25 10.  The process of claim 7 wherein the time of the curing step is 30 minutes
or less.

11.  The process of claim 7 wherein the mixture further comprises an ionic
additive.

12. The process of claim 7 wherein the at least one silica source comprises at
30 least one carboxylic acid ester bonded to the Si atom.
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138.  The performance film formed by the process of claim 12.

14.  The performance film of claim 13 wherein the normalized wall elastic
modulus is 16 GPa or greater.

15.  The semiconductor device comprising the performance film of claim 14.

16. A mixture of an at least one chemical reagent for producing a
performance material having a dielectric constant of about 3.7 or less comprising:

an at least one silica source;

an at least one porogen wherein the at least one porogen comprises from about 5
weight percent to about 75 weight percent ethylene oxide groups; and

a carboxylate selected from the group consisting of a carboxylic acid, a
carboxylate anion, a carboxylic acid ester, or combinations thereof;

wherein the at least one chemical reagent has a metal impurity level below 1
ppm.

17.  The mixture of claim 16 wherein the at least one silica source comprises
at least one carboxylic acid ester bonded to a Si atom.

18.  The mixture of claim 16 wherein the at least one porogen comprises from
about 5 weight percent to about 55 weight percent ethylene oxide groups.

19.  The mixture of claim 16 wherein the at least one porogen comprises a
non-ionic surfactant.

20.  The mixture of claim 16 wherein the pAcid value of the mixture ranges
from about 2.2 to about 9.

21. A mixture of an at least one chemical reagent for producing a
performance material having a dielectric constant of about 3.7 or less, the mixture

comprising:
an at least one silica source;
an at least one porogen; and

a strong acid catalyst in an amount sufficient to adjust a pAcid value of the
mixture to a range of from about 2.2 to about 9.
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22.  The mixture of claim 21 wherein the mixture further comprises a
carboxylate selected from the group consisting of a carboxylic acid, a carboxylate anion,
a carboxylic acid ester, or combinations thereof.

23.  The mixture of claim 22 wherein the at ieast one silica source comprises
at least one carboxylic acid ester bonded to a Si atom.

24.  The mixture of claim 21 wherein the at least one chemical reagent has a
metal impurity level below 1 ppm.

25.  The mixture of claim 24 further comprising an ionic additive.

26. A mixture of an at least one chemical reagent for producing a
performance material having a dielectric constant of about 3.7 or less, the mixture
comprising:

an at least one silica source;

an at least one porogen wherein the at least one porogen comprises about 75
weight percent or less of ethylene oxide groups; and
an ionic additive;

provided that if the at least one chemical reagent has a metal impurity level of 1
ppm or greater then the at least one chemical reagent is purified prior to adding to the
mixture.

27. A mixture of an at least one chemical reagent for producing a
performance material having a dielectric constant of about 3.7 or less, the mixture
comprising:

an at least one silica source; and

an at least one porogen wherein the at least one porogen comprises from about 5
to about 75 weight percent of ethylene oxide groups

provided that if the at least one chemical reagent has a metal impurity level of 1
ppm or greater then the at least one chemical reagent is purified prior to adding to the
mixture.

28. A process for forming a performance film having a dielectric constant of
3.7 or less, the process comprising:
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providing a mixture of an at least one chemical reagent comprising an at least
one silica source, an at least one porogen, and about 5000 ppm or less of an ionic

additive;
depositing the mixture onto a substrate to form a coated substrate; and

5 curing the coated substrate to one or more temperatures and for a time sufficient
to form said performance film;

provided that if the at least one chemical reagent has a metal impurity level of 1
ppm or greater then the step of purifying the at least one chemical reagent is conducted
prior to adding the at least one chemical reagent to the mixture.

10 29. The process of claim 28 wherein the purifying step comprises contacting the
at least one chemical reagent with an at least one ion exchange compound.

30. The process of claim 29 wherein the at least one chemical reagent is passed
through an at least one ion exchange column comprising the at least one ion
exchange compound.

15 31. The process of claim 28 wherein the purifying step comprises:

dissolving the at least one chemical reagent in a solvent to provide a
solution;

passing the solution through an at least one ion exchange column
comprising an at least one ion exchange compound to provide an effluent; and

20 removing the solvent from the effluent to provide at least one purified
chemical reagent.

32. The process of claim 31 wherein the removing step comprises rotovapping
the effluent.

33. The process of claim 31 wherein the removing step is conducted under
25 vacuum pressure and at a temperature that is within about 20°C of the boiling
point of the solvent.

34. A process for forming a performance film having a dielectric constant of 3.7 or
less, the process comprising:

providing a mixture of an at least one chemical reagent comprising:

30 an at least one silica source; and
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an at least one porogen wherein the at least one porogen comprises from
about 5 to about 75 weight percent of ethylene oxide groups

provided that if the at least one chemical reagent has a metal impurity
level of 1 ppm or greater then a step of purifying the at least one chemical reagent is
conducted prior to adding the at least one chemical reagent to the mixture;

depositing the mixture onto a substrate to form a coated substrate; and

curing the coated substrate to one or more temperatures and for a time sufficient
to form said performance film.

35. The process of claim 34 wherein the mixture further comprises an ionic
additive.

36. The performance film formed by the process of claim 34.
37. The semiconductor device comprising the performance film of claim 36.

38. A process for forming a performance film having a dielectric constant of 3.7 or
less, the process comprising:

providing a mixture of an at least one chemical reagent comprising:
an at least one silica source,
an at least one porogen; and

a strong acid catalyst in an amount sufficient to adjust a pAcid
value of the mixture to a range of from about 2.2 to about 9;

depositing the mixture onto a substrate to form a coated substrate; and

curing the coated substrate to one or more temperatures and for a time sufficient
to form said performance film.

39. The process of claim 38 wherein the at least one chemical reagent has a
metal impurity level below 1 ppm.

40. The process of claim 39 wherein the mixture further comprises an ionic
additive.

41. The process of claim 38 wherein the providing step comprises:

decreasing the pAcid value of the mixture to a range of from about 1 to about 2.2
to at least partially hydrolyze the at least one silica source; and
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increasing the pAcid vaiue of the mixture to a range of from about 2.2 to about 9
to at least partially condense the at least one silica source.

42. The process of claim 38 wherein the providing step comprises:

preparing a first solution comprising the at least one silica source, water,
and an at least one solvent wherein the at least one silica source is at least partially
hydrolyzed;

preparing a second solution comprising the at least one silica source,
water, the strong acid catalyst, and at least a portion of the first solution wherein the
strong acid catalyst is dissolved in water;

adding the at least one porogen and an ionic additive to the second
solution to form the mixture wherein the at least one porogen is optionally dissolved in
the solvent.

43. The performance film formed by the process of claim 38.

44, The performance film of claim 43 wherein the normalized wall elastic modulus
is 16 GPa or greater.

45. The semiconductor device comprising the performance film of claim 44.
46. The process of claim 38 wherein the providing step comprises:

preparing a first solution comprising an at least one solvent and the at
least one silica source;

preparing a second solution comprising the at least one porogen and at
least a portion of the first solution wherein the at least one porogen is optionally
dissolved in an at least one solvent;

adding water to the second solution to provide a third solution;

adding the strong acid catalyst to the third solution wherein the strong acid
catalyst is dissolved in water prior to adding to form a fourth solution;

adding the ionic additive to the fourth solution to form the mixture wherein
the ionic additive comprises a strong base and is dissolved in water prior to the third
adding step.

N:ADOCNOS\06200-06288\06204PAUS\AppIn\06284P USA.doc
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